Electro-Technology 


Formerly Electrical Manufacturing 


The Design Magazine of Science & Engineering in the Electrical-Electronic Field 


NOVEMBER: 1961 


inctions On Mf OT LS variable 


wafz)eutly 


~ TOD. Oe) 
ie V=v(x,y) 
a 


LICATION 





Specify “ARNOLD” 


for yur PERMANENT MAGNET requirements 


sess 


Typical group of Arnold permanent magnets, both cast and sintered types. 
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Typical group of permanent magnet assemblies, aluminum jacketed. 


ALNICO MAGNETS 


Arnold permanent magnets are available in all types 
of Alnico material, in sizes ranging from large castings 
weighing over 80 pounds to very small sintered parts 
weighing less than one gram. 

Alnico V can usually be depended upon to deliver the 
greatest energy product to the magnetic circuit per unit 
weight of magnet material. It is therefore generally the 
first choice for a magnetic material except where special 
physical considerations are paramount. 

Special assemblies such as rotors, traveling wave tube 
magnets, magnetron magnets, etc. may be supplied in an 
aluminum jacket to facilitate mounting and supply an 
added protection to the magnet. 

Large magnet assemblies may also be supplied for mass 
spectrometer and other measuring applications where a 


high degree of stability and uniformity of field is required. 
Many sizes and types of Alnico magnets are carried in 
stock for immediate delivery. For more information, write 
for Bulletin GC-106C. 
ALNICO Vill 


Available from Arnold in production quantities, Alnico 
VIII possesses the highest coercive force of all Alnico 
grades, as well as a high energy product and a relatively 
low temperature coefficient. It is especially suited for 
traveling wave tube focusing applications. Gap flux 
densities as high as 1000 gausses are attainable in tubular- 
type straight field focusing magnets. Alnico VIII is also 
recommended for applications which involve strong de- 
magnetizing fields, or where space considerations dictate 
the use of a short magnet. Write for Bulletin PM-119. 
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ARNOX Ill 


Arnox III is a molded-type magnet having high coer- 
cive force and moderately low residual induction and 
energy product. Principal uses are for magnetic require- 
ments which are not stringent, and for a relatively short 
magnet of reasonable cross section. Accurate dimensions 
and close tolerances can be economically obtained. These 
magnets can be premagnetized before assembly, and have 
very high resistance to demagnetization. Slightly better 
magnetic properties are obtained in the pressing direction 
than in other directions. 


ARNOX V 


Arnox V is a ceramic permanent magnet material com- 
posed of highly oriented barium ferrite. It has many times 
the energy product of Arnox III and is comparable in 
many applications to Alnico V. Because of its high coer- 
cive force, its use is recommended in applications where 
a short magnetic length is desirable, or where extremely 
high demagnetizing forces may be encountered. 


SPECIAL PERMANENT MAGNET MATERIALS 


VICALLOY 


Vicalloy is a carbon-free permanent magnet alloy con- 
taining about 10% vanadium, 50% cobalt and the bal- 
ance iron. 

Vicalloy may be fabricated in the form of castings, 
hot rolled bars and forgings, or cold rolled strip, wire and 
tubing. After suitable heat treatment, the material is quite 
readily machinable. Vicalloy is available on special order 
in bar, strip and thin tape for recording purposes. 

For more complete information, write for your copy 
of ‘‘The Magneteer,” Vol. 2, No. 1. 


# ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
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HOW RELIABLE ARE DIGITAL CIRCUIT MODULES 


IF YOU KNOW THE ANSWER, CAN YOU PROVE IT? @ Calculations can be misleading @ Ballyhoo proves 
nothing @ Opinions can be biased. Mi We didn't have an answer, so we took 1,000 of our T-101B Flip-Flop 
circuit modules — $34,000 worth — from stock and plugged them into a system. Since that time, these units 
have been operating 24 hours a day at maximum frequency and under heaviest specified load . . . Now we're 
waiting for a failure. Hi At 1,000,000 hours of operating (1,000 units x 1,000 hours) there were: Mi No infant 
failures fH No random failures MH No wear-out failures M Just no failures of any kind. The test is still running. 
Watch for our next ad. Maybe by then we will have a failure to report. Our Applications Engineering staff 
stands ready to serve you in implementing your digital systems block diagram. Write, wire, or phone today 
for further information on any of our families of digital circuit modules or on this life test. 
timo.) ENGINEERED ELECTRONICS Company 1441 EAST CHESTNUT AVENUE 

SANTA ANA, CALIFORNIA * CABLE ADDRESS: ENGELEX 
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Bodine offers ADE (After Delivery Economies) plus... 


The widest choice of small 
synchronous motors 


More than 385 sizes and capacities—1/2000 to 1/6 hp 


Bodine Reluctance Synchronous Motors. Split- 
phase, permanent split capacitor or three-phase. 
Speeds, 1800 or 3600 rpm. Torque, 0.18 to 
70.0 in/oz. 


Bodine Hysteresis Synchronous Motors. Perma- 
nent split capacitor. Three-phase also available. 


Speeds, 600 to 3600 rpm, one or two-speed 
types. Torque, 3.2 to 93.3 in/oz. 


Bodine Reluctance Synchronous Speed Reducer 
Motors. Split-phase, permanent split capacitor 


or three-phase. Speeds, 0.62 to 300 rpm. 
Torque, 1.0 to 350.0 in/Ibs. 


Bodine Synchronous Motors, like all other 
Bodine Motors, offer you the advantages of 
ADE (After Delivery Economies). This means 
years of trouble-free operation where it counts 
most...in the hands of your customers. End costs 

are lower because 

Bodine Motors per- 


NEW-— ask for 20-page 


BODINE 


fractional it 


HOSA V ls 
MOTOR 


power be G e leading proaucts 


form consistently, seldom (if ever) require field 
servicing. They're easy to fit-in because precision 
production control assures that dimensions are 
exactly the same from motor to motor . . . from 
lot to lot. And you rarely encounter inspection 
or test rejects. In short, Bodine Motors help 
your product earn repeat sales. 


Bulletin No. 1036, ‘‘Bodine Synchronous Motors.”’ 


Fractional Horsepower Motors for: Office computing and account- 
ing equipments Engineering, laboratory, and research instruments 
Photographic equipment + Musical instruments « Electrical industrial 
apparatus « Therapeutic and medical equipment » Communication 
equipment. General industrial machinery « Metalworking machinery 
Service industry machinery » Optical instruments » and any equip- 
ment that requires quality fractional horsepower electric motors 


Bodine Electric Co., 2506 West Bradley Place, Chicago 18, Illinois 
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FULL-SCALE RANGES AS LOW AS 2A OR MV; 
SPECIFIED LINEARITY OF +0.5% OR BETTER 


The new Series II Stylist panel meter is probably the most pre- 
cisely linear production-model microammeter or millivolt-meter you 
can get. It can divide 2ua or mv into as many as 100 clearly legible 
slices with virtually no tracking error at all. With proper adjustment 
of full-scale current, it can give you infinitely accurate indication. 

Its ultra-linearity is the result of individual scale calibration, made 
economically feasible by a newly-devel- 
oped electronic calibrator. This calibrator, 
operating through a system of servo con- 
trols, automatically prints individually 
adjusted scales according to the actual 
measured tracking characteristics of each 
meter movement. Theoretically, each 
meter’s full-scale linearity is infinite, with 

no tracking error at any point. (We do, however, retain a maximum 
+0.5% manufacturing tolerance). 

Added to this, you get a taut-band 

suspension, which accounts for the meter’s 

2ua or mv full-scale sensitivity and its 

near-perfect (+0.2% f.s.) repeatability. 

No friction. No hysteresis. High resistance 

to shock and vibration in any plane. 

Nearly impossible to wear out. 

For full details on the API Series II Stylist, including ranges and 

prices, write for Bulletin 28. 


ET=T} ASSEMBLY PRODUCTS INC. ¢ CHESTERLAND 14, OHIO 


api 


THE SERIES II STYLIST 
TAUT-BAND PANEL METER 


SA 2486 
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FRESH IDEAS IN RELAYS... 


(Lb hubeh bhehl 


CHOICE of below- 
chassis or above- 
chassis connecting 
in plastic enclosures. 


SPECIFICATIONS 


CONTACTS: /ntegral with 
terminals; up to 3PDT; 
5 amp,115 VAC or 32 VDC. 
Stationary contacts, fine 
silver inlay material; mov- 
able, solid fine silver. 


COILS: Up to 230 VAC at 
60 cps or 115 VDC. 


ENCLOSURES: Clear 
plastic. 

TERMINAL PANELS: 
Barrier type or octal plug. 
LATCHING RELAY: 
Availableenclosedinclear 
plastic with plug-in mount- 
ing; or unenclosed, 


OCTAL PLUG relays up to 
DPDT have recessed pin 
bases ... meet UL spacing 
requirements to 150 V. 


Stocked for Immediate 
Delivery From 
Distributors or Factory... 
WRITE FOR BULLETIN 166 


OHMITE 


OHMITE MANUFACTURING COMPANY ~ 


3613 Howard Street 
Skokie, Illinois 


Rheostats * Power Resistors 
Precision Resistors 

Variable Transformers 

Tantalum Capacitors + Tap Switches 
Micromodules « Relays 

R.F. Chokes « Germanium Diodes 
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MULTI-USE terminals allow 
soldering, insertion in printed 
circuit board, and use of AMP 
Style 110 push-on terminals. 


c 


ALL ENCLOSED re- 
lays mount solidly 
on base... not on 
covers. 
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ALL TERMINALS on 
one panel... permits 
insertion in printed 
circuit board. 


WN 


INTEGRAL plug-in 
base up to DPDT 
avoids wiring be- 


tween contact ter- 
minals and pins. 
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Systems Your Classification: 
Communication 


Global Communications — 
State of the Art 


Review of present global communications facilities, including 
high-frequency and microwave communications, ionospheric 
and tropospheric scatter, and submarine cables. Discussion 
of the inadequacies posed by existing systems. The introduc- 
tion of passive and active satellite systems as solution to 
future world-wide communication needs. Project Echo. De- 
tailed description of communication problems peculiar to 
earth-space-earth transmission. 


R. Kestenbaum, Associate Editor, ELectro-TECHNOLOCY. 


Electro-Technology 1961 November p 62 9 pp 


Science and Engineering Your Classification: 


Mathematics 


* Analytic Functions of a 
Complex Variable 


Review of complex numbers; operations and algebraic laws, 
mapping, absolute value and phase, the algebra and trigo- 
nometry of complex numbers and the roots of complex num- 
bers. Functions of a complex variable; definition of terms for 
the study of functions, limits, continuity, differentiation, the 
Cauchy-Riemann conditions and polar coordinates. Analyticity, 
the harmonic functions and the Laplace equation. Line in- 
tegrals in simply and multiply connected regions, Green’s 
theorem, the Cauchy-Goursat integral theorem and Cauchy’s 
integral formula. Infinite series of complex numbers, the 
Laurent series, the theory of residues and the Laplace trans- 
form integral solution for poles and residues. 


N. P. Salz, Cornell Aeronautical Laboratory, Buffalo, N. Y. 


Electro-Technology 1961 November p 93 20 pp 


Test and Measurement Your Classification: 


General 


Measuring Power Factor of 
Non-Sinusoidal Waveforms 


A graphical method for finding the approximate relationship 
between voltage and current is developed for the case in 
which the waveform is non-sinusoidal or of high frequency. 


D. A. Wilhelmson, D-C Motor & Generator Dept., General 
Electric Co., Erie, Pa. 


Electro-Technology 1961 November p 126 112 pp 


in this issue 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Science and Engineering 
Network Analysis 


*  Thermistor-Resistor 
Temperature-Sensing Networks 


A procedure for the design of networks (either four-pole or 
two-pole) consisting only of resistors and a thermistor for 
use in temperature-sensing applications. The thermistor may 
have either a negative or a positive temperature coefficient. 
Extensive tables give design parameters. 


O. Schwelb and G. C. Temes, Northern Electric Co., Ottawa, 
Ontario, Canada. 


Electro-Technology 1961 November p 71 5 pp 


Your Classification: 
Logic Circuits 


* Digital Matchers 


The theory of operation of digital matchers, or coincidence 
indicators, is given. Various ways of designing the circuits 
are discussed, with special emphasis on the use of transistor- 
resistor logic. 


R. E. Leslie and F. Crawford, Airborne Instruments Lab., 
Deer Park, N. Y. 


Electro-Technology 1961 November p 113 4 pp 


Materials, Electrical/Electronic Your Classification: 


Electrical Insulation and Dielectrics 
Materials, Mechanical/Structural 
Protective Coatings 


Mechanical-Property Considerations in 
Epoxy Insulation 


Though electrical properties of epoxy insulation are obviously 
important, the functional mechanical properties may be equally 
or more important. The need for good mechanical properties, 
as against over-emphasis on electrical properties, is stressed. 
The various mechanical properties of representative epoxies 
are discussed in detail. 


J. Delmonte, Furane Plastics, Inc., Los Angeles, Calif. 


Electro-Technology 1961 November p 127 114 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 144 and 148. 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Materials, Mechanical/Structural 
Metals 
Non-Metallic Materials 
Design Considerations 
Thermal Factors 


Your Classification: 


* Cryogenics: Selection 
Data for Structural Materials 


The behavior of metals and nonmetals under various combina- 
tions of cryogenic and other environments is discussed and 
analyzed on the basis of a special study related to aerospace 
and missile applications. Materials examined include stainless 
steel, aluminum, titanium and cobalt-nickel alloys, plastics 
laminates, adhesives and thermal insulation. (Concluding 
article of a 2-part series.) 


J. F. Watson, J. L. Christian and J. Hertz, Convair (Astro- 
nautics) Div., General Dynamics Corp., San Diego, Calif. 


Electro-Technology 1961 November p 76 9 pp 


Test and Measurement 
Materials 

Materials, Mechanical /Structural 
Thermal and Acoustical Insulation 


Your Classification: 


Electrical Analog for 
Vibration-Damping Measurements 


When evaluating the damping characteristics of a vibration- 
deadening material, the accuracy of the electrical measuring 
circuits must be checked. Substituting an electrical analog 
circuit with known parameters for the test specimen provides 
a simple checking method. Such an electrical analog is derived 
and its use explained in an example. 


W. Hand, Material Laboratory, N. Y. Naval Shipyards, Brook- 
lyn, N. Y. 


Electro-Technology 


1961 November p 117 4 pp 


RESEARCH HORIZONS this month .. . 


Designed-in training devices as an approach to reliability 
in systems operation are receiving increasing attention. . . . 
Emphasis on stringent performance requirements for dielec- 
trics and ferroelectrics is shown in basic studies in ceramics 
materials. . . . / Abstracts of European literature reveal con- 
siderable work in ceramic devices and thin magnetic films 
and in studies of ferromagnetic phenomena. . . . Barrier-layer 
oxide ceramics with high effective permittivity and low di- 
electric loss show possible advantages in capacitor develop- 
ments. 


Designed-in Training Devices for Systems Reliability... p 11 
Basic Studies in Ceramic Materials 
European Literature Abstracts 


Barrier-Layer Dielectrics 
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Your Classification: 
Fractional-Horsepower 


New High-Performance Designs for 
Small Synchronous Motors 


The operating principles and particular advantages of three 
basically new synchronous motor designs are related. In- 
cluded is a discussion of the theoretical and practical ad- 
vantages of these developments over traditional forms of the 
small motor. 


A. Bekey, Genisco, Inc., Los Angeles, Calif. 


Electro-Technology 1961 November p 85 8 pp 


Components, Electrical/Electronic 
Semiconductor Components 
Design Considerations 
Reliability 


Your Classification: 


Solid-State Devices in Appliance 
Control — A Projection 


Possible applications of the newer semiconductor and other 
devices are considered for performing such functions as switch- 
ing, timing, sensing and control (plus power conversion). Reli- 
able operation, high efficiency, great power gains and small 
size of transistors, silicon controlled rectifiers, photoconductors 
and thermistors provide advantages to the designer willing 
to take a fresh \ook on an integrated systems level. 


J. D. Harnden, Jr., General Engineering Lab., General Electric 
Co., Schenectady, N. Y. 


Electro-Technology 1961 November p 121 5 pp 


COMING UP... 


Planned for the December 1961 issue are the following articles: 
Science & Engineering article, Transient Heat-Flow Analysis. 
Also: Microelectronic Interconnection Design, Electrical 
Noise, Small Synchronous Motors, Techniques of Analog 
Simulation, Automatic Switching Control with Electric 
Switches, Flame Resistance of Plastics, Man as a Link 
in a Control Loop, Velocity Statistical Distribution, and 


Aerospace Electronic Materials. 





Phelps Dodge Thermaleze sales 


Standardizing with Poly-Thermaleze* means reduction of your costs 
because this film wire upgrades all grades and permits, in most 
cases, interchangeability of grades as well as reduced inventories. 


This one versatile wire matches with PLUS values—in practically all 
respects—the properties of Class A, B and F rated film wires. 


Here are the PLUS values: ibility with conventional varnishes including epoxy 


1. HIGH TEMPERATURE CUT THROUGH—giving _°"PSulated systems. 

physical-thermal protection between turns in 4. OUTSTANDING SOLVENT RESISTANCE—re- 
service. markable resistance to conventional varnish sol- 
2. CLASS “A” through CLASS “‘F plus’”—no heat —- Vents. 

shock. §. HIGH DIELECTRIC STRENGTH—highest volts/ 
3. COMPATIBILITY- the highest order of compat- mil of any wire available. 
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6. EXCELLENT WET DIELECTRIC STRENGTH— 
best retention of electrical properties under ex- 
treme water conditions. 


7. HERMETICS—now performance proved in Re- 
frigerant 12 and 22. 


8. WINDABILITY—extreme flexibility and tough- 
ness. 


Magnet Wires that Pace the Industry! 


PHELPS DODGE COPPER PRODUCTS f 


Experience has already proved that equipment 
using Poly-Thermaleze ‘‘lives longer’ at normal 
operating temperatures. 


To obtain the PLUS values of Poly-Thermaleze, do 
not accept substitutes. Poly-Thermaleze was de- 
veloped by Phelps Dodge and is made only by 
Phelps Dodge and its licensees**. 


CORPORATION (iaiiiepieludlalatnds 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


* Poly-Thermaleze®—Patents applied for. 
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** Licensees: Essex Wire Corporation, General Cable Corporation, 
Rea Magnet Wire Company, Inc., Div. of Aluminum Company cf America: 
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EXPANDED EXPANDED SHRUNK 


ne Sia a Rati 


THE CABLE SLIP THE BOOT ON HEAT—IT SHRINKS 


Premolded harness encapsulating boots and transitions 
R A Y Cc [ A D T U B E S which, when subjected to the brief application of heat, 
es shrink to as little as 20% of their diameter as supplied. 
INCORPORATED : Awide variety of standard configurations are available 
from stock in four different rubber and plastic materi- 
ba cl als for difficult environmental conditions. Any moldable 

eet so configuration is available with short lead time. 


OAKSIODE AT NORTHSIOE “ REODWOOD SO DeVc CALIFORNIA 
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RESEARCH Horizons 


Edited by Avex. E. Javirz, Special Features Editor 


Designed-in Training Devices for 


Systems Reliability 


A seminar on “Human Factors in Military Training” was held at the 

U.S. Naval Training Device Center, Port Washington, N. Y., on March 

16, 1961. Basically a study of automated training devices for the ad- 

vancement of weapons-system reliability, the findings of the seminar are 

applicable to design reliability for commercial and industrial electrical 

and electronic equipment. The following is an interpretive staff report 
based on papers delivered by the participating speakers.* 


Responsibility for Design 


The responsibility for the require- 
ments and specifications for a training 
device have traditionally been under 
the aegis of the user (the operational 
level). This responsibility should ac- 
tually fall on the design engineer, who 
can more intelligently solve the me- 
chanical problems inherent in design 
of equipments since he can more logic- 
ally show their physical limitations and 
capabilities. However, the analysis of 
the training problem itself and the re- 
quirements as to what the device will 
train a man to do is the function of 
the human-factors specialist: his experi- 
ence recognizes the capabilities and 
limitations of man himself and knows 
how man can best be trained to fully 
utilize and maintain operational equip- 
ment. 


Design Parameters 


New advances in equipment design 
and human factors research must be 
deliberately and systematically in- 
corporated in training procedures for 
complex electronic systems operation 
and maintenance. Of course, problems 
arising during training are also a rich 
source of leads for future studies in 
equipment and training research. The 
design and application of procedures 
still requires close liaison with the 
operator in the field. The applied sci- 
ence of training involves a synthesis of 
current knowlege of the principles of 
training and the evaluation of par- 
ticular programs and procedures. 


. Folley, American Institute for Research 
. Older, Psychological Research Associates 
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Automation of Training Aids 
(Teaching Machines) 


The increasing use of automation of 
military equipment, checkout equip- 
ment and maintenance equipment poses 
new and difficult problems for those 
faced with decisions about training re- 
quirements. Automatic checkout and 
maintenance gear (i.e., teaching ma- 
chines) can be adapted to training pro- 
cedures. However, by designing man 
out of the system, failures in the ma- 
chine become difficult to correct at 
any critical moment. Actually, man 
should be able to function at progres- 
sively more and more primitive levels 
in the system. The importance of this 
is that, should the system go through 
a process of degradation (parts be- 
coming nonfunctional) as a result of 
some external force or circumstance, 
the human factor may then take over 
as an integral part of the system’s 
operation. Therefore, early considera- 
tion must be given (during the design 
phase) to the possibility of maintenance 
and operation by both machines and 
man. 


Systems Reliability Factors 


Systems reliability is the reliability 
of performance of the system output. 
This is a function of the reliability of 
each machine link, each man link, and 
each interaction between man and ma- 
chine. Training fits a man to perform 
as a component in the man-machine 
system. Since characteristics of training 
devices and simulators must be speci- 
fied, there must be liaison between the 


See also: 
RESEARCH MICRO-NOTES 
on page 1/6 


Associate Editors for this issue: Harotp E. BarKAN and Joun R. Riccs 


human-factors expert and the man in 
the field. Standards of proficiency must 
be determined which are minimally 
adequate for reliable system perform- 
ance if training is to be evaluated. 
Since evaluation cannot be done with- 
out a set of standards, there can be 
ro valid measurement of reliability 
without such a yardstick of measure- 
ment. 

Operational reliability is a function 
of the equipment’s reliability, reliability 
of maintenance, the reliability of the 
man link, and the time factor. Time 
here involves the problem of having 
the equipment work when it is needed 
—the ultimate “payoff” of any system. 


Training Aids for Systems Reliability 


The operator’s reliability can, of 
course, be improved by prior training, 
on-the-job training, and by utilization 
of performance aids on the job. This 
last includes relatively simple devices, 
part-task learners, simulators and auto- 
mated teaching devices. However, even 
with these aids, the device design en- 
gineer needs clearly defined standards 
of operation to properly set up para- 
meters for the design of new and ad- 
vanced devices or modification of exist- 
ing ones. Too often, training devices 
are designed “in the dark” without 
sufficient, sound or detailed feedback 
from the operational units to the de- 
signer. A teaching machine can be as 
simple as a mere book with a set of 
elaborate questions and answers, or as 
complicated as an automated device 
needing very complicated procedures 
for programming its functions. 


Systems Analysis 


The effectiveness of a system is a 
function of the effectiveness of each of 
its components. Since the user-pur- 
chaser is ordinarily not a specialist in 
the field in which he is a buyer, he 
must have training, or help from a 
specialist, in detailing the necessary 
requirements for the device he wants 
to buy, the exact nature of th@ device, 
and what the device shall do*f6r whom, 
in what time and when. 

To sum up, decisions for improve- 
ments in training devices can be ob- 
tained through operations analysis, en- 
gineering analysis, and analysis of the 
human factors involved. Operational 
readiness of a system can be improved 
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by the optimum use of proper training 
equipment. However, it is important 
that such devices be evaluated in large 
overall systems problems in the field, 
not merely in the laboratory under con- 
trolled conditions. 


Editor's note: The importance of the 
subject discussed here in relation to sys- 
tems reliability is further underscored 
currently by the IRE Professional Group 
on Human Factors in Electronics in a 
special “Maintenance of Systems” issue 
of its Transactions (September 1961, Vol. 


HFE-2, No. 2). 


Basic Studies in Ceramic 
Materials 


Several reports of studies in the fun- 
damental structure and behavior of 
ceramics as dielectrics and ferroelec- 
trics were presented at an international 
Symposium on Basic Concepts in Cer- 
amic Science, held in Oxford, England, 


wom RESCATCH NOE -0:00000000 


RECENT PAPERS dealing with electronic 
materials, components and devices pub- 
lished in European journals have been 
abstracted here by ELectro-TECHNOL- 
ocy’s European correspondents. 


“New Ceramic Power Triodes and Tetrodes 
for VHF,” P. Gerlach, L’Onde Electrique, 
41, pp 167-171 (1961). 

Recent developments (by Compagnie 
Francaise Thompson-Houston) in the use 
of high-purity alumina ceramics for trans- 
mitting tubes are discussed. Tubes operate 
at envelope temperatures of several hundred 
deg C, deliver up to 10 kw (c.w.) at up to 
1000 me. 


“The Influence of Temperature on the 
Resistivity of Thin Silver Films,” J. Savorn- 
in, A. Donnadieu and F. Savornin, Comptes 
Rendus de [ Academie des Sciences, Paris, 
252, pp 2195-2196 (1961). 

Silver films of 200-4300A thickness, de- 
posited on glass and silica, were studied. 
Hysteresis effects during thermal cycling 
are shown; all the films, on first heating, 
exhibited a resistivity minimum between 


20 and 70 C. 


“The Coupling Factor of Piezoelectric 
Ceramic Disks,” D. S. Campbell and A. M. 
MacSwan, Brit. J. Appl. Phys., April 1961, 
pp 188-192. 

The behavior of a ceramic disk when vi- 
brating at or near a resonance in the radial 
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June 26-30. Abstracts of selected papers 
follow: 


“Materials with a Dielectric Constant (K) 
of 10,000 at Room Temperature,” O. Drex- 
ler and B. R. Schat (Netherlands). 

An attempt was made to obtain flat K- 
temperature curves by firing blends of 
separately éalcined compositions in which 
some of the Ba was replaced by Ca and 
Pb, and some of the Ti by Sn and Zr. It 
was hoped to maintain the components 
as separate phases (calcining was done 
at 1300 C). It was found, however, that 
almost complete solid solutions resulted 
every time, with high values of K being 
obtained only short temperature 
ranges. The K-temperature curves of the 
following series of compositions were then 
systematically studied: 

(Ba,Ca) (Ti Sn)O3 (Ba,Ca) (Ti.Zr) O» 

(Ba,Sr) (Ti.Sn)O;  (Ba,Sr) (Ti.Zr) O» 

Such compositions were used, singly or 
blended together, with the aim of bring- 
ing the Curie temperature near the second 
transition temperature (just below room 
temeprature). It was found that the nearer 
the two transition points were, the broader 
the K-temperature curves were for a given 
value of K. A number of useful composi- 
tions were obtained on this basis. For ex- 
ample, one of the compositions in the range 
[ (Ba,Ca) (Ti,Zr) Og] had a K of 8000 over 
a range of 60 C, the power factor at 100 
ke/s being 1 to 3 per cent. It was also 
found that similar results were obtained 
when all the ingredients were pre-calcined 


over 


Evropean Literature Abstracts 


mode is considered. It is shown that when 
an equivalent electrical circuit which takes 
account of the overtones is used, the cor- 
responding value of the coupling factor 
obtained is in agreement with that of 
mechanical analysis. Curves and a nomo- 
gram are given to enable the coupling fac- 
tor to be calculated, without approximation, 
from the equations of the mechanical 
analysis. 


“Properties of InSb and InAs Films,” K. G. 
Gunther and H. Freller, Zeitschrift fiir 
Naturforschung, 16a, pp 279-283 (1961). 

Crystal structure, Hall coefficients, elec- 
tron mobilities, and electrical conductivities 
of vacuum-deposited InSb and InAs films 
are given. (14 references) 


“Ceramic I-F Transformers,” R. C. V. Ma- 
cario, Wireless World, May 1961, pp 253- 
256. 

The principles underlying the use of the 
ceramic radial-mode resonator as an inter- 
stage filter network and a replacement for 
i-f transformers in broadcast radio receivers 
is discussed. A description of the resonator 
is given from the viewpoint of its circuit 
properties. The component consists essen- 
tially of a thin disk of ceramic, polarized 
in the axial direction, having a divided sil- 
jvered surface on one side and a completely 
ysilvered surface on the other. The inner 
farea of the divided surface forms the dot 
(electrode, and the outer the ring electrode. 
{The undivided surface is known as the base 


together instead of making separate cal- 
cines. 


“Grain Size of Sintered Barium Titanate,” 
G. H. Jonker and W. Noorlander (Nether- 
lands). 

If BaTiOg could be prepared in such a 
way that it consisted of very small crystals 
(1 to 5 microns), a room-temperature di- 
electric constant of 3000 could be obtained, 
with only a small peak et 120 C. The 
simplest way to arrive at this was to ar- 
range for a 4 to 8 per cent stoichiometric 
excess of TiOo. The actual method used 
was to leach out some of the BaO from 
BaTiO: with acetic acid, which gave the 
required excess of TiOs. The thickness of 
the domains in large crystals (say, 20 
microns) was about 1—i.e., the size of a 
l-micron crystal. The latter tended to be 
a single-domain crystal. An applied elec- 
tric field produced strains, with no possi- 
bility of domain boundary movement, and 
very little hysteresis. Higher densities were 
also obtained, due to inhibition of second- 
ary recrystallization as firing time and 
temperature were increased. 


“Recrystallization Phenomena in Ceramics,” 
C. Kooj (Netherlands). 

Effects of pores and crystal defects on 
crystal growth and densification may be 
illustrated by referring to ferrites. Yttrium 
garnets are particularly interesting in this 
respect because of their transparency, 
which permits crystal defects to be readily 
observed optically. 


TU 


electrode. An illustration of a design for a 
standard receiver is given. (8 references) 


“Manganese Zinc Ferrites with Various 
Magnetization Curves,” M. Kornetzki, E. 
Moser and E. Ross, Zeitschrift fiir angew- 
andte Physik, 13, pp 31-36 (1961). 

A wide range of hysteresis-loop types can 
be obtained with suitable compositions of 
manganese zinc ferrite. (23 references) 


“Measurement of the Electrical Conduc- 
tivity and the Hall Effect of Crystalline 
ZnO and their Explanation through Inter- 
ference Bands,” G. Bogner, J. Phys. Chem. 
Solids, May 1961, pp 235-250. 

Hall voltage and electrical conductivity 
of zinc oxide crystals, as grown, or after 
heating in an oxygen atmosphere, or with 
indium or copper additions, have been 
measured in the temperature range 63- 
700 K, in an investigation of the effect of 
impurity additions on the n-conduction of 
untreated zinc oxide crystals. Temperature 
dependance of the quantities measured is 
discussed in terms of impurity-band con- 
duction and macroscopic inhomogeneities. 


“Oxide Resistor Furnace for High-Tempera- 
ture Operation,” E. Rothwell, J. Sci. Instr., 
May 1961, pp 191-193. 

A thoria-base oxide resistor furnace has 
been constructed for operation in oxidizing 
conditions at temperatures up to 2400 C. 
The preparation of the thoria and thoria- 
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yttria resistor tubes, the fabrication of the 
contact blocks, the assembly of the furnace, 
and its operation are described. Limitations 
of the furnace are the brittleness of the 
tubes and the risk of arcing at high tem- 
peratures. Simple means of overcoming the 
arcing are suggested. With the modifica- 
tions proposed, the limiting operating tem- 
peratures of the furnace may be determined 
mainly by the creep of the resistor tubes at 
temperatures above 2400 C. 


“Electrical Conductivity and Thermoelectric 
Power of Calcium Oxide,” C. H. B. Mee, 
Nature, June 17, 1961, pp 1093-1094. 

Samples of calcium oxide were prepared 
by the pyrolysis of a carbonate suspension. 
The assem)!'y used for the investigations 
consisted cf the oxide layer, about 100 
microns thick, held between two nickel 
buttons. This was contained within an 
evacuated glass envelope. Measurements of 
electrical conductivity as a function of 
temperature and the thermoelectric emf are 
described. 


“Properties of Conducting Glaze Based cn 
TiO2,” C. H. W. Clark, R. B. Turner and 
D. G. Powell, Trans. Brit. Cerem. Soc., 


TO Research TRE cieninieniniien 


Die.ectrics with high effective permittivity 
and low dielectric loss may be obtained 
frem a wide range of oxide ceramics con- 
taining titanium by a simple reduction- 
reoxidation According to the 
porosity of the ceramic, this results in the 
formation of surface or intergranular bar- 
rier layers with much higher resistivity 
than the reduced brik mxterial. Renre. 
ducibility is most easily accomplished with 
the former type, which is the bosis of 
commercial barrier-layer capacitors. (Bar- 
rier-layer dielectrics are defined as bodies 
exhibiting an abnormally high permittivity 
as a result of continuous thin layers of 
low-loss dielectric 
high conductivity.) 

The choice of basic ceramic is governed 
largely by consideration of requirements 
such as temperature coefficient of permit- 
tivity and resistivity, permissib'e change 
of permittivity with applied voltage, and 
the effective permittivity required. Where 
the former requirements are most impor- 
tant, best results are obtained with stron- 
tivm-bismuth-titanate 
relaxation-polarization 


technique. 


enclosing regions of 


ceramics of the 
type, barivm-stron- 
tium-titanate ceramics with Curie points 
below the working temperature range, and 
the hexagonal polymorph of barium ti- 
tanate. Where maximum capacitance per 
unit volume is the main aim, the ceramic 
shou'd have a high intrinsic permittivity, 
and commercial titanate ceramics with 
dielectric constants of 3000 or 4500 are 
quite suitable. 

The dispersive properties of these bar- 
rier-layer dielectrics may be represented 
by two resistance-shunted capacitors con- 
nected in series, corresponding to the bar- 
rier and bulk capacitances. This bulk- 
capacitance component of cer mic samples 
is, in general, much greater than that 
calculated frem the intrinsic permittivity 
of the stoichiometric oxide and may be 
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May 1961, pp 330-342. 

A semiconducting glaze containing titania 
is described. The titania is contained in the 
engobe, and during firing is reduced and 
becomes semiconducting. Re-oxidation of 
the titania during firing is prevented by a 
cover glaze. The titania glaze has been used 
for the suppression of radio interference, 
for which surface conductivity shou!d lie 
between 10-5 and 10 > mhos. A cemparison 
has been made between the titania glaze 
and a conducting glaze based on iron oxide, 
and in many respects the titania type has 
proved to be superior to that of the iron 
oxide. 


“Crystal Growth of Gallium Arsenide using 
Carbon Boats,” J. R. Knight, Neture, June 
10, 1961, p 1001. 

Reactions are put forward to support the 
suggestion that the presence of carbon im- 
purities in gallium arsenide grown in car- 
bon boats is not due to the cirben being 
dissolved in the melt, but due to the car- 
ben reducing the silica en e'«pe in which 
the reaction is carried out, to preduce car- 
bon monoxide gas. It is sugge ted that 
carbon should be a satisfactory crucible 
material for gallium zrsenide under condi- 


Barrier-Layer Dielectrics 


due to oxygen vacancies 
highly polarizable centers. 

Barrier-layer dielectrics behave nen- 
ohmically, the resistivity falling steenly 
with increase in applied voltage. This, 
together with the corresponding increase 
in the loss tangent, at present limits the 
rating of practical capacitors to about three 
volts. For this reason, barrier-layer di- 
electrics have found application in minia- 
ture capacitors for use in low-voltage 
transistor circuits. The non-ohmic property 
might also find application in surge-limit- 
ing resistors or as a solid-state voltage 
stabilizer. 

A number of properties are common to 
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ticns where it is unable to react with 


reducible oxides. 


“Behavior of Magnesium Impurity in Gal- 
lium Arsenide,” J. R. Knight, Nature, June 
10, 1961, pp 999-1000. 

Methods of preparation of specimens of 
gallium arsenide containing magnesium are 
described. The effect of the choice of con- 
tainer material for the reaction (either 
ilica tube or carbon container) on the 
behavior of magnesium and silicon impuri- 
ties in the final reaction product is dis- 
cussed, 


“Optical and Electrical Properties of Ter- 
nary Chalcogenides,” J. A. Beun, R. Nit- 
sche, and M. Lichtensteiger, Physica, May 
1961, pp 448-452. 

Single crystals of ternary selenides and 
sulfides of the formula AB,X, have been 
grown from the vapor phase (A = Zn,Cd, 
Hg: B = In,Ga; X = S,Se). Photoelectric 
properties of these materials, which are 
n-type photoconductors, have been meas- 
ured, including optical absorption, band 
gap, light end dark resistance, gain, sensi- 
tivity, carrier lifetime, Hall mobility and 
photoelectric decay time. 


MINT 


the various materials investigated as _bar- 
rier-layer dielectrics. Of these, non-ohmic 
resistivity is the most apparent. Typicel 
resistivity-field relationships are shown in 
Fig. 1. Temperature-dependent character- 
istics of two developmental capacitors 
based on ferroelectric barrier-layer dielec- 
trics with low Curie points of about 50 
C are shown in Fig. 2. 

Editors Note: Summarized from a paper 
delivered by R. M. Glaister, G. M. Planer, 
Ltd., at the International Conference on 
Components and Materials Used in Elec- 
tronic Engineering, sponsored by the In 
stitution of Electrical Engineers, Londen, 
June 1961. 
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-Variation of d-c resist!v'ty with applied ficld for two samples of hexagonal 


barium-titanate intergranular barrier-laycr dielectric: (a) fired at 1400 C in hydrogen, 
re-oxidized 2 hr at 800 C; (b) fired at 1500 C in hydrogen, re-oxidized 80 hr at 800 C. 


Fig. 2 
layer capacitors. 
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Look to Westinghouse for Silicon Power Transistors 
with lowest saturation resistance 
LSR =.037 sts ctobiecosign ondneerte cbtain tres 


fold increases in power-handling capability. Now—with these higher per- 
formance specifications you can replace germanium units and gain the 


2N2109 


silicon power transistor advantages of reduced heat sink size . . . higher 
allowable ambient . . . improved control range . . . and upgraded reli- 


ability in almost all circuits. 


2N1015-2N1016 series 


WX118 series 


2N1809-2N2109 series. New 30-amp 
“Rock-Top” transistors . . . world’s 
most powerful! With 30-amp, 200-volit, 
250-watt ratings these newest Westing- 
house series 2N1809 and 2N2109 tran- 
sistors are designed to meet the most 
exacting high power applications. Ger- 
manium-level saturation resistance 
(.037 ohms),-and freedom from sec- 
ondary breakdown mean highest effi- 
ciency and operating reliability. 


WX118 series. World's highest gain 
power transistors provide current 
gain of 400 at 10 amps! New West- 
inghouse Type WX118 high-gain silicon 
transistors simplify circuitry, increase 
reliability, reduce cost of assembly. 
They're ideal for application in high 
power, high efficiency regulators, in- 
verters and switching circuits. Satura- 
tion resistance is only 0.22 ohms. 


2N1015-2N1016 series. Highest re- 
liability from production-proved 150 
watt designs. Get maximum circuit re- 
liability at no extra cost by specifying 
the Westinghouse 2N1015-2N1016 se- 
ries. These popular transistors have 


75a] 30200 | 


Typical 


*Lowest Saturation Resistance 


been field-proven in thousands of oper- 
ating equipments. They can replace 
lower rated transistors (2N1489- 
2N1490, 2N1069-2N1070, 2N389 and 
others), and give you up to twice-the- 
power derating margin. In addition to 
the exclusive rating characteristics of 
these transistors, you get greater as- 
surance of performance reliability from: 

e True voltage ratings. Westinghouse 
transistors can be operated continu- 
ously at their full published ratings 
into highly inductive loads. True Volt- 
age Ratings are verified by 100% 
Power Testing. 

e 100% Power Testing. Each Westing- 
house transistor is 100% Power Test- 
ed before leaving the plant. Tests are 
conducted over the full operating 
range—under all conditions of base 
bias and collector current at maxi- 
mum rated dissipation. 

For more information or technical as- 

sistance, see your nearest Westinghouse 

representative or write: Westinghouse 

Electric Corporation, Semiconductor 

Department, Youngwood, Penna. You 

can be sure... if it's Westinghouse. sC-1054 


For immediate “off-the-shelf” delivery, order from these Westinghouse Distributors: 


EASTERN 


ACK SEMICONDUCTOR, INC. 
een 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. Boston, See /CO 7-4700 
ELECTRONIC WHOLESALERS, INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N.J./WO 4-8560 
GENESEE RADIO PTS. CO. buttole, N.Y./TR 3-9661 
KANN-ELLERT ELECTRONICS, IN 
Bait imore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N.Y_/RE 2-4400 
RADIO & ELECTRONIC PTS. CORP. 


Cleveland, 0./UT 1-6060 
SCHWEBER ELECTRONICS _Long Island, N.Y./P! 6-6520 
Silver Spring, Md_/JU 5-7023 


MIDWESTERN 


E.C.1. SEMICONDUCTORS, INC. 
Kansas City, Mo./WE 1-0829 


ELECTRONIC COMPONENTS FOR INDUSTRY CO. 

. Louis, Mo./WO 2-9916 
HALLMARK INSTRUMENTS CORP. 

Dallas, Texas/Ri 7-8933 
INTER-STATE RADIO & = = co. 
LENeRT wer 4, Colo./TA 5-8257 


MIDLAND SPECIALTY co. 

Albuquerque, N.M./CH 7-0236 
RADIO DISTRIB. CO. pam. ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, ! 

Chicago, ae 2-8860 

S. STERLING CO. p 
UNITED RADIO, INC. ‘ 
WESTERN 


ALMAC ELECTRONICS CORP. Seattle, Wash. 
ELMAR ELECTRONICS Oa , 
HAMILTON ELECTRO SLS. 


NEWARK ELECTRONICS CO. 


Westinghouse 





Research Micro-Notes 


Commentary on Current Research Developments, 


Programs and Reports 


Experimental microminiature transistor 
developed at the RCA David Sarnoff 
Research Center is described as the 
first produced entirely by _ thin-film 
evaporative techniques. Successive lay- 
ers of cadmium sulfide and metal re- 
sult in a device no more than a few 
ten-thousandths of an inch thick. By 
means of special masking methods, the 
metal layers can be formed into various 
patterns of circuit connections. Success- 
ful laboratory developments are seen 
as paving the way to possible low-cost 
mass production. 

Highlights from the National Bureau 
of Standards: Growth kinetics of zinc, 
potassium and mercury crystals are be- 
ing investigated in a basic research 
program. The results provide informa- 
tion on the mechanisms involved in the 
metallurgically important process of 
crystallization. . . . Current and pro- 
jected research programs on sound 
measurement include extension of cali- 
bration range of microphones to in- 
frared and ultrasonic frequencies, also 
extension of the amplitude range. .. . 
Among recent devices developed at 
NBS is a photoelectric pyrometer able to 
detect radiance at 1063 G with a preci- 
sion of 0.02 C, as against about 0.3 C 
for the NBS visual optical pyrometer. 

Technical progress in the field of 
frequency control was reviewed at the 
15th annual symposium on the subject 
held at Atlantic City, N. J.. May 31 
and June 1 and 2 under sponsorship of 
U. S. Army Signal and Research De- 
velopment Laboratory, Fort Monmouth. 
N. J. Published “symposium program” 
provides abstracts of papers, among 
them: piezoelectric crystals and meas- 
urements, atomic and molecular reson- 
ance, mathematical theory of vibrations 
of crystal plates, stability studies of 
quartz crystals for satellites, micro- 
module and ultra-miniaturized crystal 
units, and the atomic hydrogen maser. 

The Atomic Energy Commision adds 
47 new AEC patents to those previously 
released to industry on a non-exclu- 
sive, royalty-free basis. Total released 
so far is 2,597. New departure for the 
AEC is the release to industry of its 
foreign-held patents—as, for example, 
a batch of 77 Canadian patents; but 
there is an important distinction: for- 
eign-held patents are licensed only on 
a royalty basis. 

Extraordinary world-wide interest in 
new sources of energy in sharply in evi- 
dence in the agenda for the United 
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Nations Conference on Solar Energy, 
Wind Power, and Geothermal Energy 
held August 21-31 in Rome. Specialists 
of 61 nations appeared as authors of 
the scientific papers. These dealt not 
only with power applications of solar 
energy, but also with other areas of the 
subject, including: new materials for 
solar-energy utilization, use of solar 
energy for cooling and heating pur- 
poses, solar furnaces for high-tempera- 
ture processing, and solar energy in the 
production of fresh water. Detailed 
program appears in the current issue of 
The Sun at Work, published at Ari- 
zona State University by the Associ- 
ation for Applied Solar Energy. 

The search for means of reducing 
the increasingly heavy demands on 
time, energy and money involved in 
scientific and technological literature 
retrieval continues: a recent entry is a 
special “Scientific Information Ser- 
vice” offered by the Franklin Institute, 
Philadelphia, in any area of mathe- 
matics, engineering, physics, chemistry 
and industrial processing. 


THIS MONTH’S COVER 


Electro-Technology 


Subject of this month’s Science & Engi- 
neering article is “Functions of a Com- 
plex Variable.” The cover by Staff Artist 
Jan Van Eerde specifically illustrates the 
dependence of point function w on com- 
plex variable z. The location at which 
point w is to be found in the w plane as 
point z is set in motion (varies) is en- 
tirely dependent on the functional rela- 
tion of u and v to x and y. The article 
begins on page 93. 
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FANSTEEL 


featuring new material and 
design advancements in electrical 
contacts and assemblies. 


The bulletin may be removed 
(perforated at binding) 

for your file. 

It contains engineering and 
technical data on: Fansteel 
contact materials, contact types, 
new sintered copper parts and 
tungsten semi-conductor disks. 


P.S. If someone 

already removed it, 

extra copies may be obtained 
by writing to: 


FANSTEEL 
CTT 


Electrical Contacts and 
Specialties Division 
North Chicago, Illinois 


or, circle 
the card number 
indicated below. 
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ELECTRICAL CONTACTS 
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on recent design 
and material 
improvements and 


new manufacturing 
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CONTACT: Well over 30,000 amps arc between contacts in this Fansteel test of a new material. Fastell con- 
tacts—a powdered metallurgy mixture composed of a refractory material (tungsten, molybdenum, or tung- 
sten carbide) and a high conductivity metal such as silver or copper—are checked here under severest 
operating conditions to determine their durability for high-amperage interrupting service. 


Such basic research is carried out on a continuing basis at Fansteel where contact materials for motor 
controls, circuit breakers, automotive electrical systems receive thorough investigation and testing before 
being released for production. In this Fansteel stands alone. 


Fansteel service—built from more than 25 years’ experience in the manufacture of electrical contacts— 
encompasses design and engineering assistance from product planning through development and manu- 
facture of contact points or entire contact assemblies. On these pages, only a few of Fansteel’s solutions to 
various contact problems are shown. Obviously there are many more—some of which might offer immediate 


advantage to the electrical products you manufacture. For additional details, contact your Fansteel repre- 
sentative or write direct. 
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us interrupting applications 
When you use Fastells, you're taking NEW! CAST-ON FASTELLS give you a 
advantage of the newer contact mate one-piece powdered-metallurgy contact 
rials, especially developed to your type of of a tungsten and copper mixture that 
service. You get the benefits of advanced eliminates the need for a brazed fasten- 
ality control that assures lasting serv ing medium. Developed by Fansteel, 
Fastell Contacts otfer important ecor this process forms an extension of pure 
es through Fansteel’s powder-metal copper that is an integral part of the 
lurgy techniques. If you need contact: contact. This extension can then be 
heavy-duty interrupting service, ask formed, threaded or machined to suit 


your specific requirements. 











New Magnaflash welding provides 99+ percent solid bond 





Even at best, brazing of contact materials to their backing will produce 
a certain percentage of parts with up to 20 percent voids. For many 
applications, this simply isn’t good enough. To improve both quality 
and reliability of their contacts, Fansteel has pioneered the use of 
Magnaflash welding for joining contact tips to copper backing with a 
bond that is 99+ percent solid. 

Contact tips are produced with a small ‘‘nib’’ on the side to be joined. 
When a very high current is passed through the nib to the backing, it 
literally explodes. As the two surfaces become molten, they are brought 
together under high pressure. The bond effected by this action is then 
complete and void free. 

If you require a high degree of reliability from your contact assem- 
blies, coupled with high production rates, Fansteel’s Magnaflash weld- 


ing may well open new economies for you. Ask your Fansteel Sales 
engineer. 





CONTACT RIVETS FED AUTOMATICALLY 


TUNGSTEN WELDED DIRECTLY TOSTEEL 





Manufacturing and assembly advances mean better 
products, higher production rates, greater economies 


Fansteel is constantly striving to update and automate manufactur- 
ing processes in its own plants. This policy of continual production 
advancement has resulted in more accurately assembled products 
and components, as well as faster delivery and a lower ultimate price. 

This page shows only two of the recent developments in Fansteel 
contact and specialty manufacturing techniques. 
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Fansteel tungsten contacts are used 
primarily in applications where ex- 
ceptionally long life is required such 
as distributor points, radio vibrators, 
voltage regulators and similar appli- 
cations. These points not only pro- 
vide long service under heavy arcing 


INCREASED CONTACT LIFE is the out 
standing benefit of this new ventilated 
tungsten contact disk, pioneered by Fan 
steel. It permits air circulation through 
the heart of the contact for cooler opera 
tion, and provides a ring of contact, rather 
than a single point of contact surface as 


with ordinary points 


Fansteel Tungsten Contacts show the results 
of continual research and improvement 


conditions, but are able to withstand 
constant mechanical wear as well. 

Whatever your requirements— 
plain disks, rivets, screws, sub-as- 
semblies, or finished sets—you will 
find Fansteel has the right tungsten 
contact for the job. 


HIGH-RELIABILITY FINISH. Fansteel's 
new ‘‘V"' finish, the result of an exclusive 
new process, considerably extends shelf 
life of points to assure reliable perform 
ance even after long storage in damp or 
corrosive conditions 
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A better contact 
for household appliances 


BUTTON CONTACTS for toasters, 
percolators, irons, oven controls, 
thermostats, and similar are now 
being produced by Fansteel. Unlike 
ordinary button contacts, Fansteel 
produces these points by depositing 
a ball of molten silver on a punched 
steel disk and coining the silver to 
the exact shape required. Electrical 
properties are excellent, and the 
contact has good hardness qualities. 


New standards 
of accuracy in 
precious-metal 
contacts 


Fansteel Fasaloy contact materials 
are a group of alloys composed of 
such metals as silver, paladium, 
gold, platinum, alloyed with other 
base elements to produce contacts 
with tailored electrical and mechani- 
cal properties. These materials are 
readily fabricated into rivets, but- 
tons, screws, and other special 
shapes. Fansteel maintains a tech- 
nical staff to help you select the right 
Fasaloy contacts for your particular 
requirements. 

Fasaloy components are produced 
by Fansteel to extremely close toler- 
ances. New precision Swiss ma- 
chines, designed for making watch 
parts, are utilized at Fansteel for 
mass production of small and intri- 
cate contact shapes. 


Edge rust or corrosion is eliminated 
completely by plating the steel disk 
with a coating of nickel before coin- 
ing. Check these advantages: 
1. High volume low cost produc- 
tion. 
2. Buttons are readily projection- 
welded. 
. Posses good thermal charac- 
teristics required for appliance 
applications. 





Sintered copper 
for electrical 
parts 


Savings of 10 percent and more 
have been produced in electrical- 
grade copper parts through the use 
of Fansteel Sintered Copper. The 
primary advantages of this new ma- 
terial are its high conductivity, hard- 
ness and ability to be formed into 
intricate shapes without extensive 
machining. Illustrated is an example 
of the type of components Fansteel 
is producing using advanced powder 
metallurgy techniques to reduce 
costs below extrusions or forgings. 
Contact your Fansteel Sales Engi- 
neer, or write for bulletin No. 7.301 


Semi-conductor tungsten wafers 
now available up to 1” diameter 


CUTTING SOLID TUNGSTEN ROD in 
a production operation is a delicate 
job, but to slice it into wafers up to 
1” in diameter, is exclusive with Fan- 
steel. Producing these wafers from 
solid tungsten rod assures a high- 
quality, end-grain product with ex- 
cellent physical and thermal charac- 


teristics for mating with silicon. 

With almost the same coefficient 
of expansion as silicon, they protect 
the element from expansion and 
contraction damage during the ex- 
treme temperature changes the ele- 
ment must encounter. Complete 
range of sizes available. 


Eastern Ohio and 

Western Pennsylvania Area 
George Bray, Suite 202 
11750 Shaker Boulevard 


YOUR ELECTRICAL CONTACT & 
SPECIALTIES REPRESENTATIVES 


East Coast Area 

Rex Murray, New England , 
R. W. Bracher, New York Cleveland 20, Ohio 

85 Main St., Danbury, Connecticut Skyline 2-2900, Teletype CV-317 
Pioneer 3-7841, Teletype—Danbury 67 Eyeyen Western States 
Michigan-Western Ohio Area Seas, Ltd., Bob Nanninga 

Dick Hall, Wolverine Building 952 Mission Street 

Room 604, 202 E. Washington South Pasadena, California 

Ann Arbor, Michigan Murray 2-2930 

NOrmandy 2-6255 Teletype PASA CAL 7680 
(Detroit) ENterprise 6910 

Chicago Metropolitan Area 

Chris Friese, 3304 N. Harlem Ave. 
Chicago 34, Illinois, TUxedo 9-3200 
lowa, Northern Illinois, and 

Northern Indiana Area 

Ray Trowbridge, 3304 N. Harlem Ave. 
Chicago 3, Illinois, TUxedo 9-3200 
Minnesota, Wisconsin, and 

Northern Michigan 

Dan Parr, 1801 W. Washington St. 
Waukegan, Illinois, CHerry 4-2315 


ELECTRICAL CONTACTS AND SPECIALTIES DIVISION 
North Chicago, Illinois 

RECTIFIER-CAPACITOR DIVISION 

Tantalum electrolytic and solid capacitors, 


silicon rectifier cells and stacks, 
Zener diodes, selenium rectifiers. 


West and Central New York State 

and Eastern Ontario, Canada Area 

Philip L. Kirsh Associates, Inc. 

223 Windemere Road 

Rochester 10, New York, BUtler 8-0705 CHEMICAL AND METALLURGICAL DIVISION 
Refractory metals: 


South Central States Area Ta, Mo, Cb, W and alloys in rod, ingot, sheet, tube. 


A. V. Doran Co. 
Medical West Building 
950. Francis Place 

St. Louis 5, Missouri 
PArkview 5-3377 


VASCOLOY-RAMET DIVISION 
Cemented carbide and tungsten tools, wear parts, 
coal and rock mining tools, investment castings. 








Only this label can assure you of Air Express priority service 


Let’s clear up a frequent misunderstanding: AIR EXPRESS is not a general term for all air freight. It’s 
a specific air-ground shipping service: AIR EXPRESS Division of R E A Express. Many businessmen 
learn this the hard way. They assume that the famous AiR EXPRESS advantages of jet speed and door- 
to-door service apply to all air shipping companies. /t just isn’t so. There’s only one way to be 
sure your shipment is first on, first off, first there—via 

all 35 scheduled U. S. airlines. Or gets kid-glove handling 

throughout the U. S. and Canada. And that’s to be sure we oer EXP Be e SS 


it gets this label. /f it doesn’t... it’s not AiR EXPRESS. 


& CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE 
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ANOTHER NEW 
HIGH-TEMPERATURE 
ELECTRICAL 
INSULATION 

FROM 

JOHNS - MANVILLE! 


Typical Data: 


Weight (1/32”) 

(1/4”) 
Specific Gravity 
Density 


Fiexural Strength (min.) 
1/16” as received 


1/16” after 1 hr. @155C 


Tensile Strength (1/16”) 


Water Absorption 


1/8” after 24 hrs. 


Bond Strength 
as received 


after 48 hrs. in distilled 


water @ 50 C 


Standard Thicknesses 


Dielectric Strength 
Perpendicular 
1/16” 

1/4” 


Dielectric Strength Parallel 


as received 


after 48 hrs. in distilled 


water @ 50 C 
Dielectric Constant 
> 10° cps 
Dissipation Factor 
» 10° cps 
Arc Resistance 


0.3 Ibs./sq. ft. 
2.3 ibs./sq. ft. 
1.8 


110 Ibs./cu. ft. 


MD 40,000 psi 
CMD 25,000 psi 
MD 24,000 psi 
CMD 15,000 psi 


MD 30,000 psi 
CMD 15,000 psi 


0.30% 
1210 Ibs 
1055 Ibs 


1/32”, 1/16”, 
1/8”, 1/4”, 1/2” 


350 vpm 
200 vpm 


29KV 
22KV 
4.0 


0.10 
180 sec. 


All tests conducted to NEMA and ASTM standards 





Announcing: 
Johns-Manville 


No. 880 


QUINTERRABORD 


-—a radically new asbestos-polyester 
laminate for applications to 50KV. 


Strong and rigid...easy to machine... for 
temperatures in the 155-180 C range! 


Here’s an unusually strong and dense—yet easily machined—electrical 
laminate that out-performs glass-polyester laminates after pro- 
longed exposure to high temperatures and extreme humidity. Under 
boiling water tests, No. 880 Quinterrabord shows very high retention 
of its original flexural strength of 40,000 psi. Thus you can count on 
the reliability of No. 880 Quinterrabord for a wide variety of motor 
and transformer applications, as well as for panelboards and printed 
circuit bases. 

No. 880 Quinterrabord is produced by combining highly purified 
asbestos paper and an exclusive polyester resin developed by J-M 
research. Jt is far stronger dielectrically ... far stronger mechani- 
cally than any NEMA Grade A or AA laminate made. The advan- 
tages of No. 880 Quinterrabord include: 


@ MACHINES, STAMPS AND PUNCHES AS EASILY AS J-M ASBESTOS 
EBONY® with the lowest tool wear of all inorganic laminates. 

@ EXTREMELY LOW IN COST — usually less than two dollars a pound. 

@ HIGH DIELECTRIC STRENGTH does not change significantly, even 
after prolonged exposure to heat and humidity. 

@ HIGH MECHANICAL STRENGTH, including flexural, even after ex- 
posure to boiling water. 

@ UNUSUAL ARC RESISTANCE — nearly twice as high as glass-polyesters. 

@ BODY STRUCTURE MAINTAINED even if fire destroys organics. 


Write, wire or phone now for complete technical data on J-M No. 880 
Quinterrabord. Johns-Manville, Box 359, New York 16, N. Y. 


uy 


JOHNS-MANVILLE 3M] 


PROD Ts 
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Louis Allis engineered systems include: 


l 


. Pre-final assembly area 


A Louis Allis drive powers this transfer table, shifts one body per 
minute into position for paint line after coming out of prime 
coat drying ovens. 


ECE ul uMaeelceMsiiceme cul clauuleli cles conveyor opera 
tions. Any type of production interruption is quickly revealed 
and identified by signal light indication. Recorders provide a 
permanent daily record of each conveyor's operation. 


A bank of Louis Allis controllers regulate the drives powering the 
mating line where unitized body, stub frame/engine assembly 
and running gear are assembled. Here, a Plymouth convertible 
comes off the assembly line. 


Louis Allis controllers coordinate the intricate assembly of side- 
gate framing fixtures and underbody just prior to welding. Three 
components arrive from three different locations at precisely the 
same moment. 


4. Initial body assembly 


















1. Automatic transfer station 
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Engineering news from Louis Allis 


LOUIS ALLIS engineered systems 
automate Chrysler assembly lines 


An automobile assembly line is a materials handling complex of movement and 
synchronization. Feeder lines joining the main-line must deliver components on 
time — and in perfect synchronism. Still, the system must be flexible enough 

to accommodate speed changes when desired. 


The Plymouth assembly plants in Detroit and St. Louis are models of this type 

of automation . . . and electrical components for the materials handling systems 
were custom-engineered by Louis Allis. L.A. systems engineers worked with 
Plymouth engineers to map the flow sequence. Louis Allis provided the adjustable 
speed drives and precision controls to operate the systems and supervised the 
installation. The result: integrated, automated systems that eliminate time loss, 
manpower waste, and excess materials handling costs. 


Synchronized conveyors operate at pre-set speeds by following built-in master 
job-rate controllers. The system provides for automatic, position-perfect transfer 
of body components from one conveyor to another. A three-dimensional area 
control center monitors and records all conveyor operations. 


If your plans call for automation, contact Louis Allis for systems engineering 
assistance — and single-source responsibility of drive and control design, manu- 
facturing, and service. Call the Louis Allis District Office nearest you, or write 

to The Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wis. Ask for Bulletin 2900. 







MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 
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Armco Ni-Fe Alloys Give You 
Reliable Efficiency for 


Magnetic Control and Amplification 





Armco 48 Orthonik and 4-79 Ni offer advantages for wide range of 
electronic components. Now available in cost-reducing wider widths. 


For cores that require high permeability at low and moderate inductions, a 
rectangular hysteresis loop, and extremely low coercive force, these Armco 
Magnetic Alloys provide a useful range of product-improving properties. 
Armco 48 Orthonik—Very high B, to B,, ratio near saturation and high 
saturation induction permit design of efficient power components, amplifier 
and control devices. Available in thicknesses from 6 to 14 mils. 

Armco 4-79 Ni—Advantageous for computer circuits and high frequency 
amplifiers because of its extremely low coercive force, rapid flux change and 
relatively good temperature stability. Produced in thicknesses of 14, 14, 
and 14 mils. 


New Economical Widths 





These Armco Magnetic Alloys, in thicknesses of 14 mil and less, are now 
available in wider coils that mean added savings. Width of 14 mil coils is now 
314”, and width of 14 and 14 mil material is increased to 3”. 

Write for complete information on Armco 48 Orthonik and Armco 4-79 Ni. 
Armco Division, Armco Steel Corporation, 3641 Curtis St., Middletown, Ohio. 


Armco Division 


Circle 115 on Inquiry Card ELECTRO-TECHNOLOGY 





write for RaM’s 


This informative bulletin illustrates ae ; 
and describes in detail Robbins & i itetlittas A 
Myers broad new line of Special Ap- ed 
plication FHP Motors. fs on 
You may select from four frame a 

sizes, sixteen ratings from 1/100 

through 1/3 HP, three different pole constructions, three 

standard mounting arrangements and four electrical 

types. 

Simple, compact and quiet, these motors offer built-in 

benefits for your customers, as well as design flexibility 

for you, where silent operation, limited mounting space 

and minimum attention are factors. 


Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of oe 
R&M’s new bulletin 445-ET. | Bebe italien sete: coe” 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 

® : A ; 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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The Westinghouse BF Relay is helping the auto- feet. Another eliminated one of three panels. The 
motive industry solve its floor space problem. Westinghouse BF Relay is a new concept in relay 
One automotive customer was able to reduce the design tailored to space-saving needs of automa- 
length of a single control panel from 36 feet to 22 tion. As many as four BF Relays fit in the space of 
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one old style relay. Besides being small, per- sales engineer or write: Westinghouse Electric 
formance excels other machine tool relays. Learn Corporation, Standard Control Divi- 
how it can help you gain valuable floor space for sion, Beaver, Pennsylvania. You can 
more productive uses. Contact your Westinghouse be sure... if it’s Westinghouse 


Automotive 
industry saving 
thousands of 
dollars in floor 
Space with the 
new Westinghouse 
BF ae 


Westinghouse BF Relays control six 
transfer lines built for the automotive 
industry by F. Joseph Lamb Co., Detroit. 
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hep @.5A 
30V 45V 

2N2137 2N2138 

2N2142 2N2143 


30-60 
50-100 


| hee @ VA 

40V 
2N1360 
2N1359° 


60-140 
35-90 


hype @ 3A 


75-150 
50-100 
35-70 
20-40 


hee @ 10A 


10-30 


Elehael tele | 
POWER 
TRANSISTOR 


HANDBOOK 
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CES 
60V 
2N2139 


2n2144 


__75¥ 
2N2140 
2N2145 


90V 
2N2141 
2N2146 


2N297A (Sig C) 
2N297A 
2N1011 (Sig C) 
2N1011 
2N1120 (Sig C) 
261120 
2N1358 (Sig C) 
2N1358 
261412 (USN) 
2N1412 
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__ 261554 


45V 
2N1558 2N1559__ 
21555 


261550 _ 2N1551__ 


2N1166 
2N1167 


Nee Ie 


40-80/1.2A 
20 min/2A 
20 min/2A 
30-75/3A 
30-75/3A 
20-80/10A 
20-50/10A 
25-50/5A 
25-50/5A 
100V 25-50/5A 
100V ; 25-50/5A 


“Available in ‘‘Meg-A-Life’”” types 





TMD-914 and TMD-916 
DIFFUSED SILICON MICRODIODES 

few SS MICRO-EQUIVALENTS of the 
1N914 and 1N916 


Duplicating the specifications of the popular 1N914 and 1N916, 
these microminiature very fast switching silicon diodes offer low 
capacitance and are designed for use in extremely high speed tran- 
sistorized computer circuitry. Their durable construction in an all- 
glass package features TRUE hermetic sealing and a unit capable of 
providing long-term reliability under extreme environmental condi- 
tions. 
Recovery time: 0.004 micro-second. 
SPECIFICATIONS AT 25°C 
TMD-914 TMD-916 
Maximum Forward Voltage at 10mA 1 Volt 1 Volt 
Maximum Inverse Current at 20V 025 wA 025uA 
Minimum Inverse Voltage at 100uA 100 Volts 100 Volts 
Maximum Capacitance at 0 Volts 4 uF 2 wuF 


For further information, write for Bulletin PB-71C. Circle 137 on Inquiry Card 


6.3 VOLT CERTIFIED 
SILICON VOLTAGE REFERENCES 


Now, for the first time in the industry, silicon voltage references 
that have exhibited voltage stabilities as low as +.002% for 1000 
hours are being CERTIFIED and offered by Transitron. These 
significant features are associated with each unit: 
e Actual readings recorded periodically over 1000 hours included 
with each certification document. 
e Serialization of units for convenient reference to their production 
and life test histories at Transitron. 
Manufacturers of missiles and precision instruments who require 
a stable voltage reference of small size and weight may look to 
Transitron for these references which are certified at point of pur- 
chase. 
Temperature 
Certified* Voltage Range Stability Maximum 
Voltage at lz =7.5mA Maximum Dynamic 
Type Stability at 25°C Voltage Resistance 
(%) (Volts) Change at Iz =7.5mA 
(+25°C to at 25°C 
-+100°C) at (Ohms) 
| z= 7.5m 
Max, (Volts) 


1N3501 +0.01 i 6.5 0,006 12 
1N3502 +0.01 : 6.5 + 0.003 12 
ACTUAL SIZE 1N3503_ + 0.005 6.5 + 0,006 12 
1N3504 +0.002 6.5 0,006 12 
*Voltage References certified for voltage stability observed during 1000 
hours operation. 
For further information, write for Bulletin TE-1352F-1. 
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ra ngitron 


electronic corporation 
wakefield, melrose, boston, mass. 


ROPE + CABLE ADDRESS: TRELCO 


arest Transitron Industrial Distributor 





This piece could save you 30¢ 


For every «—1“— of this bus you use, 
here’s how to save 5 cents 


It actually happened. 

A major manufacturer* was pre- 
pared to spend ten cents per inch 
for the bus used in his low-voltage 
switchgear. 

He didn’t. 

Instead he changed his “specs” — 
from copper to Alcoa® aluminum— 
and saved five cents on each inch, 
with no sacrifice in the quality of 
his product. 


NOVEMBER 1961 


Can you? The actual savings will 
depend on size. Whatever your cur- 
rent carrying requirements may be, 
this holds true: To do the same job 
with aluminum costs only half as 
much as with copper. 

How about forming? You can bend 
aluminum bus flatwise 90°, or edge- 
wise. Drilling, punching and joining 
present no problems. 

How about bracing? NO. 2 EC 
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alloy in the T6 or T62 tempers has 
approximately the same yield 
strength as copper. Consequently, 
the same bracing as for copper can 


be used. 


To find out how much you can 
save, contact any Alcoa-Rome rep- 
resentative. Or write to Rome Cable 
Division of Alcoa, Dept. 24-111, 


Rome, New York. 


Name furnished on request 
: _= 


ALCOA 
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TAKE A SECOND LOOK 


IT’S THE 2N174—PART OF DELCO RADIO'S POWER TRANSISTOR FAMILY WHICH HAS 
PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA- 

TIONS: MISSILES, COMMUNICATIONS, DATA PROCESSING, AND ULTRASONICS, TO NAME A FEW. 

THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND 

VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL 

REQUIREMENTS. @€ DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES, THE 2N174 

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM 

EMITTER CURRENT—15 AMPERES, MAXIMUM COLLECTOR DIODE RATING—80 VOLTS, THERMAL 
RESISTANCE—BELOW .6°C/W AND MAXIMUM POWER DISSIPATION—S50 WATTS AT 71°C, MOUNTING BASE TEM- 
PERATURE. THE 2N174'S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA- 

TIONS. €@ LIKE ALL DELCO TRANSISTORS, EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL 

AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO'S 

LABORATORIES. THIS 200 PERCENT TESTING, COMBINED WITH FIVE YEARS OF REFINEMENTS IN 

MASS PRODUCTION, MEANS CONSISTENT UNIFORMITY IN THE PRODUCT...AT A LOW PRICE. 

@ THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO 

SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON 

THE 2N174 OR OTHER DELCO TRANSISTORS, CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan Syracuse, New York ; LCO 
324 Chestnut Street 726 Santa Monica Bivd. 5750 West 5ist Street 57 Harper Avenue 1054 James Street EPENDADBILITY 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinty 3-6560 GRanite 2-2668 D | O 


ELIABILITY 
DIVISION OF GENERAL MOTORS ¢ KOKOMO, INDIANA 
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Take a close look at this new limit switch! |;°. 


f THE NATIONAL 

: ACME COMPANY 
4406. 13 1st STREET 
CLEVELAND 8, OHIO 


re Sales Offices: Newark 2, N. J., Chicago 6, lll., Detroit 27, Mich. 
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Sho 
te 


for 
Relays 


Block that shock! 


Leach balanced-arma- 
ture relays provide 
high resistance to 
shock (50 G’s) and vi- 
bration (15 G’s to 
2000 cps)in5to15 amp 
switching. They meet 
or exceed MIL-R- 
6106C, MIL-R-25018, 
and MIL-R-5757C. 
Choose from 4,000 
variations of 20 basic 
types ! 

Bulletin BA-859. 


LEACH 
literature anyone? 


Write for bulletins, write for informa- 
tion, write for details and specifica- 
tions. Or mail your request on the 
Reader-Service Card. 


Need help fast? 


LEACH 


Complete line 
of subminiatures for sale 


Leach crystal can relays give you big performance in small 
packages in every standard relay configuration. Standard, 
Half-Size, Sensitive and Magnetic Latch in 0.20 inch grid 
spacing and “lazy S” header. Each type is capable of switch- 
ing loads from low level to 2 amp in aerospace and electronic 
control applications. Bulletin CC-861. 


It’s what’s inside that counts 
in time delay relays 


Especially when milliseconds count! Note 
the printed circuit construction of Leach’s 
optional output time delay relays. This 
economical line of off-the-shelf electronic 
units includes time delays on release and 
time delays on operate—in a timing range 
of 100 milliseconds to 60 seconds. These 
standard components are available with 
fixed or adjustable timing to meet your 
most critical requirements. And they’re 
all 100% inspected during manufacture 
for highest reliability! Bulletin TD-200. 


Not a square. in the whole el 


3 


When only a round can relay will fit your need, Leach offers 
this family group in contact configurations of 2, 4 and 6 PDT 
and in contact ratings ranging from dry circuit to 10 amps. 

Bulletin RC-300 


Sales engineers in Leach District Sales Offices are eager to help you 
with critical application problems, or to see that you get fast delivery 
on prototype quantities from nearby Leach Distributors. 
Seattle 8, Washington New York, New York 
South Annex Bidg., Room 201 Los Angeles 17, California 405 Lexington Avenue, 
King Com Airport 1101 Wilshire Bivd. Suite 3204 
Boeing Field HUntley 2-0790 YUkon 6-2520 
PArkway 5-6978 

Dayton 2, Ohio Washington, D.C. 
Palo Alto, California 333 West First Street, Room 250 Suite 


7 
814 San Antonio Road BAldwin 2-8652 1700 K Street, N. W. 
YOrkshire 8-4408 STerling 3-1147 


CONGR ITION SR eee 
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A straight-from-the-shoulder 
message to manufacturers of 


Aircraft 

Automobiles 

Capacitors 

Circuit Breakers 
Communications Systems 
Condensers 

Data Processing Equipment 
Generators 

Ground Support Equipment 
Household Appliances 
Instrumentation 

Industrial Controls 

Lamps and Lighting Equipment 
Missiles and Rockets 
Motors 

Ordnance Materiel 

Printed Circuits 

Radio Equipment 
Radiography Equipment 
Rectifiers 

Refrigeration Equipment 
Switchgear 

Telephone Equipment 


Television Equipment 

Testing Devices 

Transformers 

Transmission Equipment 

X-Ray Equipment WY 
and other electrical/electronic equipment 


WANT 
YOUR 
KLECTRICAL 
INSULATION 
BUSINESS 





WE 
WANT 
YOUR 


KLECTRICAL [INSULATION 


BUSINESS 


for any of these products or materials 


LAMINATED PLASTICS 
The broadest, most versatile range 
of grades available. Resins include 
phenolic, epoxy, silicone, mela- 
mine, polyester, and Teflon. Base 
materials used include: papers— 
alpha, asbestos, kraft, rag;fabrics— 
asbestos, cotton, non-woven cot- 
ton, nylon, glass; and felt asbestos. 


Among CDF’s recent outstanding 

laminate developments are: 
—a low cost, warm punch 
paper phenolic with high 
mechanical strength, low mois- 
ture absorption, little loss of 
physical properties (grade 
2450P). 
—a high contrast stamping 
stock for permanent, legible 
marking at minimum cost. 
This paper phenolic laminate 
punches warm, meets NEMA 
X and XP (grade 160). 


OQ 


FLEXIBLE INSULATION 

For the many electrical insulating 
applications requiring tapes and 
wrappers, C DF offers a wide choice: 
unsupported silicone rubber; glass 
supported silicone rubber; unsup- 
ported and glass supported Tefion; 
Tefion tapes; and a number of mica 
combinations with glass, papers 
and synthetic films. 


PLUS... 


PRINTED CIRCUIT BOARDS 
As the world’s largest manufac- 
turer of copper-clad laminates for 
printed circuit applications, CDF 
offers a varied selection of grades 
for applications ranging from tele- 
vision and radio to critical, harsh 
environment uses in military elec- 
tronics. 


Twomajor contributions this year are: 
—a flame retardant glass 
epoxy copper-clad laminate 
that has excellent solvent re- 
sistance, superior punching 
and machining characteristics, 
meets NEMA G-10 and FR-4 
(grade 614). 


—a copper-clad Teflon glass 
cloth laminate for high fre- 
quency applications that has 
improved bond strength, wet 
electrical properties, reduced 
moisture absorption (grade 522). 


VULCANIZED FIBRE 

CDF is a leading producer of 
vulcanized fibre, one of the oldest 
and most versatile of materials, 
long known for its toughness-to- 
weight ratio. It is available in the 
form of sheets, rods and tubes, or 
parts fabricated to customer speci- 
fications. 


FILAMENT WOUND PRODUCTS 


PREPREGS 


MOLDED PLASTICS 
BONDED MICA PRODUCTS 


SPIRAL TUBES 


A highlight of CDF’s $6,500,000, 
three-year modernization program is 
the installation of giant new laminating 
presses, hydraulically operated and 
electronically.controlled. The new 
presses and related facilities make 
the company the largest producer of 
industrial laminates in the industry. 


_..and weve 


just spent 
$614 million 
to handle it 


HERE’S WHY YOU’LL WANT US... 


CDF offers an extremely broad range of electrical 
insulation materials and components to meet 
your requirements. Whether your problem 
involves... 

e Highest quality to meet critical applications 

e Price factors to meet close competition 

e Prompt delivery of volume orders 

e Large scale fabrication of intricate parts 


..- CDF can help you select the electrical insulation 
you need. You get the benefits of more than 

50 years experience in matching these materials 
to thousands of applications in practically every 
major industry. 


Many of the advances in modern electrical 
insulation have come from CDF: new classes 
of materials. . . new, better methods for new 
applications. There’ll be more, too—for we’ve 
added over $614 million in facilities, established 
for just one reason: to serve you better. 





Additional treaters are now in opera- 
tion. These high air velocity, high 
speed machines can run two webs of 
fabric or paper simultaneously. Ac- 
curate controlis maintained automati- 
cally by Beta Ray gauges. 


Treated material is stored in air conditioned areas with 
constant temperature and humidity control. This eliminates 
changes in quality of treated stock while in storage, a par- 
ticularly important factor in electrical grades and materials 
with short shelf life. 


One of a battery of new laminating presses installed at the Newark 
plant, each loaded and unloaded from the same side by auto- 
matic elevators. The entire pressing cycle is electronically con- 


trolled, automatically regulating temperature, time and pressure 
and providing a written record for absolute maintenance of quality 
at all times. 


Multi-storied towers accommodate 
the vertical treaters used in produc- 
ing flexible insulation. CDF manu- 
factures a broad line of tapes and 
wrappers, including unsupported 
and supported silicone rubber and 
Teflon tapes, and a range of mica 
tape combinations with glass, pa- 
pers and synthetic films. 


Research and development is conducted in the new, ultra-modern 
Research Center. This 18,000 sq. ft. facility includes nine individ- 
ual laboratories, pilot production equipment, library and machine 
shop ...is responsible for a steady stream of new CDF products, 
improved grades of materials. 





WANT ACTION ? WRITE, PHONE OR WIRE THE NEAREST CDF OFFICE! 


Detailed technical data about 
the various specific grades are 
available from your local CDF 
field representative. Also at 
your service is the industry’s 
largest staff of Technical 
Service Engineers, ready to 
assist you in the development 
of new applications, solve 
design and performance 
problems, help you get 
maximum efficiency at minimum 
cost from your electrical 


insulation. 


SALES OFFICES 


BALTIMORE 14, MD., 2451 Ellis Road, NOrthfield 5-0964 


BIRMINGHAM 15, ALA., P.O. Box 4044, 1628 4th St., N.W. 
VErnon 3-5713 


BOSTON, 1245 Hancock St., Quincy 69, Mass. 
GRanite 2-2150 
BUFFALO 3, N. Y., 495 Ellicott Square Bidg., TL 4-3929 


CHICAGO, ILL., 1515 N. Harlem Ave., Oak Park, 
EUclid 3-5270 and Chicago, COlumbus 1-5778 


CLEVELAND 14, OHIO, 1621 Superior. Bidg., 
CHerry 1-5220 


DALLAS 10, TEXAS, 1502 S. Good-Latimer Expressway, 
HAmilton 8-1502 


DAYTON 3, OHIO, 39 North Torrence St., 253-5082 


DENVER 2, COLO., 260 Denver Club Building, 
AComa 2-2236 


DETROIT 35, MICH., 201 Officenter Building, 
BRoadway 3-0447 


GREENSBORO, N. C., P.O. Box 10035, 2103 Mimosa 
Drive, 299-7630 


HARTFORD 3, CONN., 119 Ann St., CHapel 7-1000 
INDIANAPOLIS 5, IND., 709 E. 38th St., WAlnut 5-9803 


LOS ANGELES 23, CALIF., 3050 East 11th St., 
ANgelus 8-4115 


ra CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE « A SUBSIDIARY OF THE —faye4f- COMPANY 


MILWAUKEE 19, WIS., 6108 W. Lincoln Ave., 
Lincoln 1-7660 


MINNEAPOLIS 2, MINN., 610 Plymouth Bldg., 
FEderal 3-3388 or 3-6666 


NEW YORK 17, N. Y., 51 East 42nd St., OXford 7-9617 
OMAHA 31, NEBR., 116 North 40th St., 556-9110 


PHILADELPHIA, Bridgeport, Pa. (Norristown), 
BRoadway 5-0800 


PHOENIX, ARIZONA, P.O. Box 1587, ALpine 8-7893 
PITTSBURGH 21, PA., 309 Shields Bidg., CHurchill 1-0969 
ST. LOUIS 10, MO., 1246 Hampton Ave., Mission 5-2253 
SPARTANBURG, S. C., P.O. Box 291, Phone 582-5286 
SYRACUSE 10, N.Y., 2027 E. Genesee St., GRanite 2-3853 


Pacific Coast Representative—MARWOOD LIMITED 
SAN FRANCISCO 3, CALIF., 357 Ninth St., 
HEmlock 1-7893 
SEATTLE 4, WASH., 1714 First Ave., South, MAin 3-4747 


PORTLAND 4, ORE., 209 S.W. First Ave., CApital 3-5123 


In Canada 

CONTINENTAL-DIAMOND FIBRE, Division of Arborite 
Company Limited, 46 Hollinger Road, Toronto 16 

EXPORT DEPARTMENT: BRIDGEPORT, PA., U.S. A. 





THE NEWEST STARTER FROM GENERAL ELECTRIC 


...and what it means to you 


6 DISTINCT ADVANTAGES 
YOU CAN’T GET ELSEWHERE 


General Electric announces the development of 
new NEMA Size 5 magnetic starters and con- 
tactors—up to 65 percent smaller in open forms 
than previous designs. 


This addition to the G-E 100-Line Starter 
“family” means you can now get seven sizes that 
give you six distinct, measurable advantages you 
cannot get from any other single brand of motor 
control, They are: 


1. SMALLER SIZE—particularly in the more popu- 
lar forms (Sizes 0 and 1). On larger forms, 
reduced height (as much as 41 percent on Size 
5 units alone) saves critical panel space. See 
dimensions at left below. 


. EASE OF WIRING—all terminals are “out 
front,” visible and accessible. Wiring for all 
sizes is straight through (this can save up to 
$8 in wire alone for Size 5 installations where 
line leads come in top and out bottom). 


. SIMPLIFIED MAINTENANCE AND INSPECTION— 
contacts can be inspected or coils changed in 
less than a minute on all sizes. No tools re- 
quired on Sizes 00 through 4; only a screw- 
driver on Size 5. 


. MORE MODIFICATION KITS—industry’s most 
complete line lets you modify existing starters 
on-the-spot in minutes to meet special oper- 
ating conditions. Result: reduced change-over 
expense. All starter enclosures have cover 
knockouts for field-addition of push buttons, 
selector switches, and indicating lights. Other 
kits include auxiliary contacts, third overload 
relay, fuse clips, and coils. 


. FIELD-PROVED DESIGN—well over 1,000,000 

units are operating in the field today. Exhaus- 

NEW NEMA SIZE 5 STARTERS now added to G.E tive testing in laboratories and on customer 

100-Line feature extremely small size, plus all applications since the 1957 introduction is 
100-Line benefits: Height—14%"; Width—1134” your assurance of 100-Line dependability. 


eet . “FAMILY” DESIGN BENEFITS—G.E.’s 100-Line 
offers all forms and sizes in the same basic 
design. You benefit from common installation 
procedures; common maintenance and inspec- 
tion techniques; reduced inventory; and such 
operating conveniences as adjustable overload 


relays for all sizes. Mounting dimensions for 

eh & a Sizes 00, 0, and 1 are identical; so are dimen- 
sions for Sizes 3 and 4. Common mounting 

: I dimensions and wiring procedures save time 


\\ 


NEMA SIZE 00 NEMA SIZE 0 NEMA SIZE 1 NEMA SIZE 2 NEMA SIZE 3 NEMA SIZE 4 and space during panel layout; also when 
H-4 1/2” H-4 1/2” H-4 1/2” H-6 5/8” H-9 1/2” H-10” changes occur in horsepower requirements or 
W-5 3/32” W-5 3/32” W-5 3/32” W-6 1/4” W-8 5/8” W-8 5/8” industry specifications. 

A-22.9 sq in. A-22.9 sqin. A-22.9sqin. A-41.6sqin. A-76.5sq in. A-86.2 sq in. 


Meet all your control requirements—up through 
200 hp—with the uniform, field-proved 100-Line, 
available in all popular forms: Sizes 00, 0, 1, 2, 
Progress ls Ovr Most /mportant Product 3, 4, and 5 contactors and starters; plus combina- 

tion starters; reversing and two-speed controllers. 
Contact your G-E sales engineer or distributor, or 


i write Section 811-19, General Electric Company, 
Schenectady 5, N. Y. 
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NOW WES TINGHOUSE 9 <5 * ten ire mens on net 
“BLACK LINE” CONTROL ——— standard ratings from . 
TRANSFORMERS COVER eee ae standard stocks 
ALL VOLTAGE AND : = 


Fast factory service on special designs 


FREQUENCY REQUIREMENTS vou can be sure . .. if it’s Westinghouse 


Newly ites 
smaller, lighter and 
lower in cost—et 
cially suitable for ma- 
_ chine tool control and 
other applications 
were. eeerees 


terleaved windings 
(in ratings above 150 
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“Bob, the computer analysis 


says we should buy those parts 
instead of making them” 


NEW CAPITAL INVESTMENT PROGRAM 


Here’s a new IBM computer program that’s yours for the 
asking. Using the Investors Method (Rate of Return on 
Investment), it helps you evaluate—quickly, economically, 
uniformly—alternate proposals for spending your com- 
pany’s money. 

The program will help you solve problems like these: 
should you buy a new piece of equipment or keep the old 
one in repair; should you increase your manufacturing 
facilities; should you buy or make certain products; how 
should you spend your money for research to make the 
most profit? 

These are only a few of the problems that the Capital 
Investment Program handles. All it takes is the Program 
and an IBM computer that accepts FORTRAN programming 
language. The low cost IBM 1620 Data Processing System 
is one such computer. 

The new Capital Investment Program is another of the 
many problem solving programs IBM offers you to help 
make your data processing system a more effective and 
more profitable tool for managing your business. 

Your local IBM Representative can give you complete 
details on this, as well as previously announced programs, 
which included Sales Forecasting, Materials Planning, In- 
ventory Management, Plant Scheduling, Work Dispatch- 
ing, Operations Evaluation, Inventory Management Simu- 
lation, and many others. 


® 
DATA PROCESSING 
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Versatile 


Tab-Indicator 


Toggle 


Switch 


“400” SERIES TOGGLE SWITCHES 


Five models available, in 
cluding 2-position and 3- 
position types. All are rated 
at 5 amperes, 250 vac 


The new “400” Series Toggle Switch from MICRO SWITCH has a paddle-shaped 
tab which can be numbered or color-coded as an indicator. The standard model 
has a natural metallic finish which will maintain a fresh appearance through 
long and constant use. The anodized aluminum tab is also available in black 
or in colors. 


The basic switches used are precision snap-action, long-life units, requiring 
a minimum of space. They conform to specifications for MIL-S-6743, with 
two isolated single-pole double-throw circuits. Turret terminals make wiring 
easy, and contact enclosures are dust-tight. 


Five models are presently available in the “400” Series, including both 
momentary and maintained contact types. Write for Data Sheet No. 174 de- 
scribing these new tab-indicator toggle switches. 


HONEYWELL INTERNATIONAL 


Sales and service offices in all principal cities of the 
world. Manufacturing in United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan. 
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HONEYWELL 


” Series “ATL” Series 


Hermetically Sealed 4-Switch Assembly 


Assembly 


“1LTL” Pull-to-Unlock 


+ St rR ge me 


MICRO SWITCH Precision Switches _ 


1-Pole “TS” 2-Pole 
Sealed “TS” 


“Electrical Memory” Subminiature “TM” 


Assembly 


Precision Toggle Control Can Be Customized 


MICRO SWITCH manufactures hundreds of different toggle 
switches and toggle switch assemblies. In this complete line 
you can find the exact characteristics and contact arrange- 
ments you need. 


“TL” Series Silicone sealer between cover and case seals 
against dust or moisture. These switches are approved under 
MIL-S-3950A, operate in a temperature range of —85°F to 
-+-250°F. Available in 1, 2 and 4-pole models with integral 
terminals. 


“TS” Series The toggle lever is sealed against dust and mois- 
ture. “TS” toggles meet specifications for MIL-S-3950A. 
Special plastic barrier plus extra distance between terminals. 


A keyed bushing prevents rotation. Wide choice of contact 
arrangements includes 1, 2, 3 and 4-pole types. 


Subminiature “TM” Weighs only 4142 grams, measures 
only 44” x 4” at the base. Double-pole double-throw with 
wide temperature range and low circuit resistance. 


“AT” Series Toggle Assemblies MICRO SWITCH offers tog- 
gle switch assemblies of up to 16 basic switches. Hermetically 
sealed types are also available. 

There is a MICRO SWITCH branch office near you and 
prompt engineering help on the selection of toggle switches 
is available by simply checking the Yellow Pages. Be sure you 
get MICRO SWITCH precision and reliability. 


WRITE FOR NEWLY REVISED CATALOG 73 ON TOGGLE SWITCHES 


MICRO SWITCH ...FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 
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H Honeywell 


MICRO SWITCH Precision Switches 
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Uniform 
Controlled 
Properties 


KEY TO ELECTRICAL PRODUCT UNIFORMITY 


Republic Continuous Annealed Cold Reduced Silicon Stee/s 


Pioneered by Republic, continuous annealing of 
silicon steel in controlled atmosphere gives Republic 
Silicon Steels a thin, tight surface oxide—one of the 
most important factors in reducing core losses. No 
other commercial annealing method can produce 
such perfectly annealed material. 


You are further protected by the fact that the 
same metallurgical laboratories control all processing 
of every heat of Republic Silicon Steel... from 
analysis of iron ore to final magnetic testing of the 
finished steel. Testing in depth includes “Single 


Strip” testing of random sample coils for magnetic 
and mechanical properties. 


Fu Line. Republic Silicon Steels are available 
in all standard grades—including core plated silicon 
sheets and coiled silicon strip. Also supplied— 
Republic Locore*—a low carbon cold rolled steel, 
specifically processed for magnetic applications. 
Ideal for a wide range of applications, LOCORE 
provides high permeability at high flux density. 
LocorE is made in both coils and cut lengths, in 
sheet and strip widths. 


For complete information, call your nearest Republic office, or write 
Republic Steel, Dept. ET-2957, 1441 Republic Bldg., Cleveland 1, Ohio. 


oh) 
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REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


ELECTRO-TECHNOLOGY 





ew Se 

don’t 

know 

yer 

all iA 
things 
METAL-CLAD 
kMYKROY °r- 
can do 


but we do know 

it gives perfect 
dimensional 
stability to printed 
circuits, switching 
devices, slip rings, 
and commutators 


ei > and to every other component where you 
need stability. 

Mykroy glass-bonded mica has a host of unique 
properties. It doesn’t bend, warp, or shrink. It won't 
change its shape. Mykroy is an arc-proof, fire-proof, 
moisture-resistant, and radiation-resistant ceramo- 
plastic. Thanks to metal-cladding techniques devel- 
oped exclusively by Molecular Dielectrics, you can 
now build this unique combination of Mykroy prop- 
erties into your circuitry, printed, modularized, min- 
iaturized, and otherwise. You can buy Mykroy in 
metal-clad sheets and metal-clad rods, or give us 
your prints and we'll make the component for you 
— one or thousands of perfectly identical machined 
or molded parts. 

If you need design help, speak up. We'll work with 
you or for you. Or we'll send you our designer’s 
sample kit . . . then you can do your own 
experimenting with metal-clad Mykroy, etchants, 
and resists. 





dielectrics, inc. 
SEND US YOUR PRINTS, YOUR molecular . 


INSULATION PROBLEMS, or $22 for 

the Metal-Clad Mykroy Kit. We can help Pr ee ee MR ee eae 
make some of your insulator design problems Electronic Mechanics, Inc. Mykroy, Inc. Mykroy Mfg. Co., Inc. 
a thing of the past... unlike Mykroy, 
Tk eek 


*Registered Trademark of Molecular Dielectrics, Inc. 


NIEVM 
Square D 300-volt Control System 


for Outstanding Versatility, 


Here’s the most advanced, easiest-to-use control system ever built! Just two 
basic relays plus two attachments (latching mechanism and timer) fill all your 
requirements. Square D's new 10-ampere Type G relay is small —has convertible 
contacts—can be disassembled in seconds without removing wiring—is man- 
ually operable—makes its own duct. Feature for feature, no other relay can 
match this new Square D control system. 


~ 


=e 4-pole rela 
a timer y ol 4-pole relay 
“- b attachment eee «(With memory 
* ® Timer easily ae latch attachment. 
b ee. changed from ee i Like _ 
2 on-delay to a ag «memory latch 
pole = Es Off delay, is additional 
4-pole relay agjusta rom es 
relay co sya) 0.2 second to panel space 
Es i \ 1 minute 


Duct cover 
with supporting 
nylon post 


BARES a= ee ee 


ELECTRO-TECHNOLOGY 





~ Drastically Reduced Panel Space! 


new DESIGN MEANS BIG space savines 


Relays can butt together, save panel space 
through both small size and reduced wiring 


area. Each of these three panels provides 11 
relay functions, 3 timing functions and 2 
memory functions. Each is built with proper 
spacing for devices and wiring. Yet compare 
the size of the panel built with new Type G 
systems relays with the panel space required 
for the conventional Square D Type D and 


i Type A relays! 


: 


Easy-to-wire terminals are out in 
the open, even with the duct cover 
installed. Coil terminals are on the 
same level for quick accessibility. 
Pressure wire connectors are stand- 
ard, with slip-on connectors also 
available. 


= 


Type G relays 


Type D relays 


Taal 


Theat 


Type A relays 


Convert contacts from normally open to normally 
closed (or vice versa) without removing a screw, with- 
out adding a single part, without touching the station- 
ary contacts or removing any wiring. Just flip over 
the movable contact with a screwdriver. All contacts 
double-break, individually convertible for any com- 


bination you need. 


Normally 
Open 
Contact 


Fast disassembly—Just lift up and 
slide back the latches and disas- 
semble in seconds for quick coil 
change, contact conversion or 
inspection. No screws to remove, 
no special tools needed. Wiring 
stays undisturbed throughout. 


Contact Normally 
Being Closed 


Converted Contact 


Manually operable and also gives 
visual indication of operation 


Get OU the "Facts! Send for Bulletin SM-307 with dimensions, 
ordering information—the complete story on the new Square D 300-volt control system. 
Square D Company, Dept. SA, 4041 North Richards Street, Milwaukee 12, Wisconsin. 


wherever e/ectricity is distributed and controlled 
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How to find laminations when you need them fast! 


High permeability lamination stock list goes out 
to purchasing agents and engineers semimonthly 


A stock list, mailed every other week, pinpoints the quan- 
tities and sizes of our high permeability laminations that 
are immediately available from stock. It’s sent to pur- 
chasing agents and interested engineers throughout the 
country. To get your regular copy, just address a request 
to Magnetics Inc., Department ET-94, Butler, Pa. 

What makes the stock list important? Depleted inventories 
or stepped-up production means that when laminations 
are needed, they’re needed fast—and in perfect condition. 
Magnetics Inc. stock list shows what types are available 
for immediate shipment. In addition, the stock list con- 
tains information on the new higher permeability “‘E” 
grade laminations. What’s more, stocks listed reinforce 
those maintained at regional outlets on the east and west 
coast (all connected by teletype to assure fast delivery). 


What makes Magnetics Inc. high permeability lamina- 


56 
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tions special is the fact that they are the heart of high 
performance audio transformers, chokes and countless 
other fast response magnetic devices. They’re burr-free, 
precision-sized and flat (thanks in part to a standardized 
9” long carton that keeps the laminations undistorted 
during shipment and stocking). For more information, 
write to Magnetics Inc.}Dept. ET-94, Butler, Pa. 
Magnetics Inc. also publishes a bi-weekly stock list on tape 
wound cores and permalloy powder cores. It’s available to you 
along with the laminations stock list. Ask for it. 


Si OT 
. 


MAGNETIES inc. 
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IMPACT! 


Zé When a light comes on...or changes color... it 

F immediately draws attention. Then add operator reaction... 
f “hit that light when it turns red!'’. These are basic elements of Engineers and Technicians: check with Control 
today’s sophisticated control panels. 


Switch about challenging career opportunities 


Attention and reaction are built into all Control Switch lighted 


pushbutton switches. Round or rectangular buttons that light up 


in one, two, three or four colors, with monitor and control CONTROLS COMPANY OF AMERICA 
Ss CONTROL SWITCH DIVISION 
of up to four circuits. 4238 W. Lake St. Chicago 24, III. 
Telephone Van Buren 6-3100 TWX CG1400 
For monitoring only, Control Switch indicator lights are Manufacturers of a full line of switches, contre 
. yi 2 3 and indicators for all military and nmer 
available in hundreds of sizes, shapes, colors and circuits. applications. All standard units 


mediate delivery by leading part 
Write today for technical data on the industry's most versatile 
and complete line of lighted switches and indicator lights. If 
you have an unusual panel problem, let us solve it 
with a custom design. 
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Now, make your urea moldings come alive with an unmatched surface brilliance—without sacrificing quality or economy. 
Three new high gloss formulations make this possible: Beetle 650, designed for small parts such as closures and but- 
tons; Beetle 625, for closures, switch plates, wiring devices and small housings; Beetle 600, for large housings and 
other parts requiring extended flow. These new Beetle molding compounds cure faster, and they offer improved pre- 
forming qualities. And you still have all of these dependable Beetle properties: resistance to detergents, oils and 
grease; arc-resistance; track resistance; good dielectric strength; surface hardness; stain-resistance; wear-resistance; 


unlimited range of colors. Be among the first to take advantage of this bright new development. Write for complete 
information today. *BEETLE — registered trademark for Cyanamid’s urea-formaldehyde molding compound. 


AMERICAN CYANAMID COMPANY PLASTICS AND RESINS DIVISION 


WALLINGFORD, CONNECTICUT. OFFICES IN: BOSTON * CHARLOTTE * CHICAGO * CINCINNATI * CLEVELAND «* DALLAS « DETROIT * LOS ANGELES 
MINNEAPOLIS * NEW YORK * OAKLAND © PHILADELPHIA © ST. LOUIS « SEATTLE ¢ JN CANADA: CYANAMID OF CANADA LIMITED, MONTREAL * TORONTO 
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Two modern plants, advanced processing equipment of our 
own design, unexcelled research and testing facilities, eight re- 
gional warehouses—that tells most of the Rea story, but not all. 

We’re specialists in magnet wire design and application— 
copper and aluminum, all insulations. Rea field consultants’ 
first function is helping the electrical and electronics manufac- 
turing industries produce better equipment, blaze new trails. 
Talk over your next wire order—or problem—with a Rea man. 
Or write to us in Fort Wayne. 


REA MAGNET WIRE COMPANY, INC. 


Division of Aluminum Company of America « Dept. 1931-L, Fort Wayne, Ind. « TWX: F W187 
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Copper and 
Aluminum Magnet Wire, 
All Insulations 
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TYPE 150D—sSolid-Electrolyte Elec- P rompt delivery TYPE 109D—sintered-Anode Elec- 


trolytics for transistor circuitry. trolytics for 85C, printed wiring 


(Bulletin No. 3520D) on all S he R AG U E boards. (Bulletin No. 3700E) 


TYPE 110D—Foil Type Electrolytics k A - AC | iil re TYPE 160D—solid-Electrolyte Elec- 
trolytics for hearing aid applications. 


for —55 C to +85 C operation. 
(Bulletin No. 3601A) (Bulletin No. 3515A) 


complete ratings 
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TYPE 120D—Foil Type Electrolytics TYPE 200D—Porous Anode Electro- 
for —55 C to +125 C operation. lytics for high capacitance at low 
(Bulletin No. 3602A) voltage. (Bulletin No. 3705) 


With the increased availability of tantalum, Sprague can now 
offer its famous TANTALEX® Capacitor line on Jarge-quantity, WRITE FOR ENGINEERING BUL- 
short-delivery schedules... covering complete ratings in all types. LETINS on the Sprague TANTALEX 


TANTALEX Capacitors are backed by thousands of test Capacitors in which you're interested. 


hours. They’re characterized by extremely low leakage current Address your letter to Sprague Electric 
Co., Technical Literature Section, 


and unusually high capacitance stability even at low tempera- 
6 P y P 307 Marshall St., North Adams, Mass. 


tures, Sprague’s many types cover a temperature range of from 
-55 Cto + 125 C; voltage ratings from 2 volts up to 250 volts. 


ELECTRONIC PRODUCTS by SPRAGUE iS p y t t | 3 
CAPACITORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE 


RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS i THE MARK OF RELIABILITY 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 


TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 
‘Sprague’ and ‘@" are registered trademarks of the Sprague Electric Co. 
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Information Should Inform 


THE SEMANTIC and the sheer physical-quantity 
aspects of the serious information storage and 
retrieval problems in scientific and technical 
literature have been outlined in a previous 
editorial.* The present major attacks organized 
by ASTIA and other agencies are properly con- 
centrated on the mechanics of storage and re- 
trieval of data and information after it comes 
into existence. 

We urge authors and editors of technical 
literature to consider certain cardinal principles 
of form and content in their articles, papers and 
reports before and during their creation; these 
profoundly affect both the real value and the 
accessibility of the material. These principles 
are: label honestly and aim to inform. 

For accurate classification, for ready retrieval 
and, above all, for working-usefulness to the 
engineer, technical articles should first of all 
have content at least approximately correspond- 
ing to their “promise.” That promise is implicit 
in the title and in the form. The busy engineer 
may “clip and file” what appears to be an in- 
formation-packed article with a useful-sounding 
title, properly bristling with curves and charts 
and seasoned with equations, only to find upon 
later reference-for-use that the title was mostly 
hopeful and the equations and curves largely 
decorative. 

Even at the expense of “crispness” and eye- 
catching impact, the title of an article should 
clearly indicate not only subject but level of 
treatment: tutorial basic principles, application 
guidance, state-of-the-art survey, or only a news- 
worthy description of a current development. 
The article content should then match the label. 

The “aim to inform” principle is very well 
demonstrated by pointing out the fact that a 
good working-tool reference book is by no means 
necessarily a good textbook for an organized 
sequence of learning. Far beyond the duty of 
mere presentation of inert facts and data in a 
handbook, a good reference book or article 
can be and should be thoroughly rigorous in 


* September 1961 Exectro-Tecunoocy, p 63. 
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giving basic concepts and analytical procedures, 
but with the aim of informing rather than “de- 
veloping the student.” The difference is very real, 
stemming from the contrast between the motiva- 
tion of the student-developing teacher and that 
of the author and editor who should want to 
transmit information and guidance. 

Intricacies of reasoning, tantalizing gaps in 
subject development, difficulties in reading, and 
blocks to comprehension which are not inherent 
in the subject itself are not qualities of good 
technical writing and editing, as valuable as 
they may be in the academic world as mental 
calisthenics. In a recent source book dealing 
with the mechanics, the underlying psychology, 
and other aspects of teaching machines, this 
“exercise-proneness” of traditional teachers was 
considered in some detail:* “The traditional 
teacher . . . has found that students do not pay 
attention unless they are worried about the con- 
sequences of their work. The customary pro- 
cedure has been to maintain the necessary 
anxiety by inducing errors. [Actually] there is 
no evidence that what is easily learned is more 
readily forgotten. The standard defense of ‘hard’ 
material is that we want to teach more than 
subject matter. The student is to be challenged 
and taught to ‘think.’ The argument is sometimes 
little more than a rationalization for a confusing 
presentation, but it is doubtless true that lectures 
and texts are often inadequate and misleading 
by design. But to what end? What sort of ‘think- 
ing’ does the student learn in struggling through 
[arbitrarily] difficult material?” 

We do not have here an editorial policy that 
articles must be “inadequate and misleading by 
design,” since we don’t imagine that we must 
induce anxiety in our readers in order to get 
them to pay attention. 


butt Kb hE 
Associate Editor 


* Teaching Machines and Programmed Learning—A Source Book, A. A. 
Lumsdaine and R. Glaser, Department of Audio-Visual Instruction, Na- 
tional Education Association. 
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State of the Art 


A world-wide communications network supporting wideband transmission 
for TV, teletype and multichannel telephone traffic is realized through 
the use of satellites. As an extension of the present state of the art of 
microwave technology, satellites afford direct intercontinental communi- 
eations. A discussion of problems peculiar to earth-space-earth transmis- 
sion is given. Three satellite systems are described: the passive orbital 
scatter dipole belt; the low-altitude, random polar-orbit repeater 
system; and the high-altitude 24-hr synchronous repeater relay system. 


R. KESTENBAUM, Associate Editor Company estimates show that the demand for overseas calls 
in 1980 will reach about 100 million, compared to the present 
4 million. At the same time, two video channels will be 
THE COMING ERA of advanced industrialization abroad and needed in each direction between the United States and 
continually expanding horizons at home will eventually give major world centers. Furthermore, private-line requirements 
rise to communications needs that cannot be met with exist- for digital data, telephone and teletypewriter will require 
ing facilities and methods. American Telephone & Telegraph additional services equivalent to 2000 telephone circuits. 








Fig. 1 — Shown are 66 countries or areas now being served by direct communications links with the United States. 
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Present Facilities and Limitations 


The United States, at present, with only 6 per cent of 
the world’s population, has 53 per cent of the world’s tele- 
phones. Public telephone service to and from the United 
States provides a total of 491 telephone circuits with direct 
connections to 66 overseas countries or areas and switched 
connections to 94 others. Of these circuits 226 are radio, 
256 cable, and 9 open-wire landline. These circuits handle 
an average of four million overseas calls annually. 

At present, no intercontinental TV communication links 
exist. Television signals are carried across the continent via 
either coaxial cables or microwave links. Ordinary wires 
cannot handle the 4-mc bandwidth required for TV signals, 
since at TV frequencies the signal is apt to radiate into space. 

Submarine cables have lately been serving overseas traffic 
admirably. Although costly, they provide low-noise, direct 
transoceanic connection on a bandwidth of 0.14 ke. By 
taking advantage of the silent intervals present in each 
half of a two-way conversation, it is now possible (through 
use of switching techniques) to double the cable channel 
capacity. Figure 1 shows the 66 countries or areas served 
by direct communication links with the‘ United States. In 
addition, 62 other countries or areas are served by switched 
links, giving a total of 128 points with connections to the 
United States mainland. 


The High-Frequency Spectrum 


The spectrum between 3 and 30 mc is shared by many 
maritime and aeronautical users, in addition to accommo- 
dating overseas telephone and short-wave broadcasting. How- 
ever, it cannot be expected to support the anticipated traffic 
of tomorrow. The spectrum is sufficiently crowded even now 
to warrant consideration of interference problems without 
accepting any additional telephone or radio channels. Tele- 
vision, with its 4-mc video bandwidth, can not be accom- 
modated by high-frequency transmission. High-frequency 
waves usually travel long distances via “ground waves” and 
“sky waves.” Short-wave transmission, as we have often had 
the opportunity of observing, is markedly inferior to long- 
distance line-of-sight relay transmission, such as coast-to- 
coast “live” TV. Magnetic disturbances, static and selective 
fading frequently cause lost circuit time and interfere with 
quality transmission. 

For an expected 100 million annual overseas calls, an 
estimated 10,000 overseas message circuits will be required, 
or roughly 50 complete submarine cables. Submarine cables 
have a bandwidth (0.14 mc) only one-fiftieth of that which 
can be attained with single coaxial land cable, and cannot 
support TV. Cable design emphasizes long life and relia- 
bility rather than broad bandwidth performance. Hence, the 
amplifiers used in submarine cables are spaced infrequently, 
and must be supplied with power over the cable itself. The 
bandwidth afforded by submarine cables will undoubtedly 
increase (as will the number of cables), but they will still 
be at a disadvantage compared with coaxial cables or micro- 
wave overland systems. While they will play important roles 
in future communications, underwater cables are obviously 
not the answer to the pressing world-wide communications 
problem. 


Forward Scatter 
A mode of propagation which has greatly extended the 
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limits of long-distance communications, forward scatter has 
opened new frequency channels to long-range use. Reliable 
service is presently provided to military bases far beyond 
the line-of-sight limit by using very-high and ultra-high 
frequencies. Radio propagation by forward scatter is be- 
lieved to result from inhomogeneities due to turbulence in 
the atmosphere. These inhomogeneities scatter radio waves 
in all directions, but predominantly forward. Forward scatter 
includes both ionospheric and tropospheric scattering. Be- 
ginning with frequencies at which conventional high-fre- 
quency radio waves are no longer reflected by the F-layer of 
the ionosphere, electromagnetic radiation is subjected to 
scattering when its beam impinges on a region of electrified 
particles in the heavens. The majority of the wave is trans- 
mitted through the scattering layer, as in ordinary line-of- 
sight phenomena, while a portion of the wave is scattered 
and returned to earth. This method (see Fig. 2) of com- 
munications has proved extremely reliable. The auroral 
disturbances which originate from high sun-spot activity 


ad 


F -loyer High-frequency scattering 


(3-30 mc) 


Ionosphere scattering 
(30-6C mc) 


E - layer 


Troposphere scottering 
(60-10,000 mc) 


Transmitter Receiver 


Fig. 2 — Sketch illustrating the four regions of the atmosphere: 
the troposphere, stratosphere, ionosphere and exosphere. While 
short-wave and ionospheric scattering take place in the ionos- 
phere, tropospheric scattering takes place in the upper regions 
of the troposphere. Also shown is method of communicating 
via the E-layer. (Separating boundaries and heights given are 
approximate.) 





cause “polar blackouts” and general communications dis- 
ruption in the high-frequency bands, but have no detri- 
mental effects at scatter frequencies. In fact, scatter signal 
strengths are enhanced during these cosmic storms. 

lonospheric scatter is most feasible in the 30- to 60-mc 
band. Scattering occurs in the lower part of the ionosphere, 
or the E layer, and can provide reliable communication over 
distances from 600 to 1400 miles. Tropospheric scatter is 
useful for transmission distances of up to 600 miles at fre- 
quencies from 60 to 10,000 mc. Scattering here takes place 
in the part of the atmosphere that lies below the ionosphere. 

Forward-scatter systems already gird a considerable part 
of the earth and provide the military with strategically 
located, highly reliable communication systems. Tropospheric 
systems are used for distances below those requiring ionos- 
pheric systems and above those requiring repeater relays 
every 30 miles. 

Three requirements are basic in forward-scatter systems: 


l. transmitters must be operated at very high power (above 
40 kw for ionospheric propagation) 

2. receivers must be extremely sensitive 

3. antennas at both the receiving and transmitting ends must 
be huge to insure a narrow beam width and a minimum of radia- 
tion in other than the forward direction. 


The necessity of these requirements can be appreciated 
when it is realized that only a small portion of the trans- 
mitted energy is reflected back to earth. lonospheric systems, 
with a maximum bandspread of 30 mc, are not exactly ideal 
for handling the multi-channeled wideband data required 
for global communications. Tropospheric systems are also 
band-limited in the sense that very wideband transmission 
would impose excessive power requirements on the trans- 
mitter, which is already operating in the 10-kw region. 

Neither of the systems provides transmission capability 
for spanning an ocean. This is a fundamental drawback. 
Furthermore, in order to set up an intracontinental com- 
munications system utilizing forward scatter, a great many 


ground stations would be required, resulting in prohibitive 
construction and operating costs and, in some cases, staffing 


difficulties. 


Microwave Communication 


Microwave communication is used over land and operates 
at frequencies above those which “bend” around the horizon. 
It is inherently a broadband means of communication and 
could well provide for the transmission of many voice 
channels as well as television signals. Its transmission dis- 
tance is at best the distance to the horizon, a line-of-sight 
characteristic that requires relay repeaters every 30 miles, 
or thereabouts. 


Communication via Satellites 


A natural extension of the present microwave system 
would be to have the relay point lie within the line-of-sight 
of the transmitter and at a sufficient distance that the relayed 
signal would, in turn, be in a direct line with the receiver 
(which might be at a transoceanic distance from the trans- 
mission point). A satellite in space could be such a relay, 
receiving ground signals, amplifying them, and re-transmit- 
ting them to a ground receiving station located thousands 
of miles from the transmitter. The higher the satellite, the 
greater the spanning distance would be. The satellite could 
also act as a pure radio reflector, carrying no electronic 
equipment. The latter is known as a passive satellite, while 
the former is termed an active satellite. 

Communication via satellites will ultimately represent 
enormous savings in cost through the reduction in stations, 
equipment and maintenance. To comprehend the extent of 
this saving, one need only compare the cost of a transmitting 
source located at a very large distance from the earth and 
having virtually an entire hemisphere within its view to 
the cost of a series of earthbound microwave relay stations 
able to contact (at best) only those points (other relays) 
which lie at the limits of the horizon. 


Basic Schemes for World-Wide Space Communications 


Many world-wide communications schemes have been en- 
visioned and several of them have been presented to the 
NASA (National Aeronautics and Space Administration). 
Three schemes dominate current thinking. 


Passive Systems 


A global communications network can be realized with 
the introduction of a series of passive satellites revolving 
about the earth in a predetermined manner. The realization 
of such a system is contingent upon the solution of such 
problems as speed, orbital path, height, and the strategic 
placement of ground stations. 

One type of passive satellite system is known as orbital 
scatter. Hairlike dipoles having radio reflective properties 
could conceivably be placed in orbit to form a continuous 
belt. The idea of orbital. scatter was first proposed by the 
Lincoln Laboratories of MIT. Two such belts, at a height 
of several thousand miles above the earth, with one orbiting 
in an equatorial plane and the other in a polar plane, might 
be established as a point-to-point communications system to 
serve the entire globe (see Fig. 3). The electronic and 
physical character of the dipole belt would afford a very 
large number of communication circuits. The system would 
be essentially synchronous—meaning that, relative to points 
on earth, the belt would be stationary. Hence, the ground 
transmitting and receiving antennas could be trained con- 
tinuously on the same spot in the belt with a movement 
of only a few degrees per day. 
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Some prominent features of this concept are: 


1. the relative ease with which only two rockets could place the 
belts into orbit 


2. the feasibility of control of belt lifetime as a function of its 
design, altitude and inclination of orbit 


3. the harmless dissipation of the belts in the earth’s atmosphere 
as they near the end of their useful lives. 


Another type of passive system involves a series of 
spherical reflectors orbiting the earth. (The success of 
such a satellite as a radio reflector has been demonstrated 
by Project Echo, which will be discussed later.) The passive 
“balloon” satellite system requires accurate high-speed track- 
ing, since both the transmitting and receiving antennas, 
having narrow beamwidths, must be directed to capture 
the satellite’s position during transmission. Orbital scatter, 
in contrast, does not have this requirement. 

There has been considerable debate about the adverse 
effects of dipoles in orbit on astronomical observation by 
radio, radar and optical means. The Space Science Board 
of the National Academy of Sciences has recently made 
available some relevant details concerning its studies of 
Project West Ford.* One salient conclusion reached by the 
* Project West Ford is a communications experiment designed to place 35 kg of 
hair-like copper dipoles resonant at 8000 mc/sec in a short-lived belt about the 
earth at a height of several thousand kilometers. The belt would reflect signals 
only at the frequency to which it is tuned. The project’s purpose is to assess the 
effects of dipole techniques on other branches of science and to investigate the 


feasibility of utilizing orbiting dipoles as passive reflectors for relaying communi- 
cations. 
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Board was that the dipole belt described by Project West 
Ford will offer no interference to optical or radio astronomy. 
The board predicted that the belt will be hardly detectable 
by astronomers. The Board also asserted its position with 
regard to future activities in orbital scatter by announcing 
as United States government policy that no launching of 
orbiting dipoles will be planned until results of the West 
Ford studies have been analyzed.* 

Theoretical studies have indicated that known phenomena 
such as solar-radiation pressure, atmospheric friction, micro- 
meteorites, magnetic-field effects and the influence of high- 
energy particles will not produce excessively undesirable 
changes in the belt. 

The main objective on the part of many to passive sys- 
tems is that they cannot support the wide bandwidths needed 
for a multitude of communications channels. To guarantee 
adequate reception in the presence of noise, the power re- 
quired to overcome path attenuation of a composite broad- 
band signal would demand transmitting and receiving equip- 
ment which are well beyond the present state of the art. 
In time, this problem will be overcome and passive satellites 
may yet be the prime instruments of a global communications 
system. 


Active Systems 


The size of ground antennas and transmitters becomes 


more reasonable when active repeater satellites are considered. 


Several plans for a world-wide communications system 
utilizing active satellites have been put forward. Past the 
research stage and now in the systems and development 
stage is AT&T’s random-orbit, low-altitude repeater scheme. 
It calls for 50 satellites (revolving about the earth at a 
height of 3000 miles in random polar orbits) together with 
26 ground stations. The satellite orbits are “random” in the 
sense that they are not controlled and that their actual orbits 
depart from the planned trajectories due to certain error 
factors. The preliminary plan envisions communications 
* On October 21, 1961, a Midas IV satellite was launched at Point Arguello, Calif., 
carrying 350 X 10° tiny copper dipoles which are to be spread into an orbit ap 


proximately 2100 miles above the earth. Protests have already been made by as- 
tronomers abroad. 


Fig. 3 — Two orbita! scatter belts (one east-west over the equa- 
tor and one north-south over the poles) could relay radio sig- 
nals over very long distances in a communications system pro- 
posed by MIT’s Lincoln Laboratory. The tiny metallic fibers 
(dipoles) composing the belts would be hundreds of feet apart. 


service from the United States to many other areas of the 
world. 

It is planned to launch the first two AT&T active satellites 
in 1962 with the participation of NASA. They will be ex- 
perimental, and yet will probably be part of the overall 
working system if it is eventually adopted, since the .plan 
is one which can be established in its entirety by the con- 
tinuous addition of ground stations and satellites. 

The number of satellites in the system will allow one 
satellite to be used by one pair of terminals while another 
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Fig. 4— AT&T’s low-altitude, random polar-orbit repeater satellite world-wide communications plan. The 26 ground stations are 


indicated in their approximate locations. (See text for list.) 


NOVEMBER 1961 


65 








smic noise 
in 


mox 





Temperoture, deg K 

















iL 


100 500 1,000 5,000 10,000 
Frequency,mc 


50,000 100000 


Fig. 5 — The effects of atmospheric absorption as a function of 
elevation angle and frequency, in terms of noise temperature, 
as seen by an ideal antenna. Also shown is a region of noise 
temperature due to cosmic noise plotted against frequency. 
Bounding the region are the upper and lower limits of noise 
temperature. Thus, for example, at 500 mc, the minimum and 
maximum noise temperatures due to cosmic noise are 5 and 
150 deg K, respectively. 


satellite is being utilized by another pair of terminals. (A 
transmitting-receiving station, together with a corresponding 
receiving-transmitting station are called a “pair of term- 
inals.”) Figure 4 shows the proposed ground-station loca- 
tions and illustrates the use of random-orbit repeaters in a 
world-wide communications system. Coordination between 
adjacent terminals is necessary so that each station is 
beamed toward a different satellite. The result of this mode 
of operation is that the same frequency assignment may be 
used around the world. 

The number of satellites in the sky insures continuous 
operation. A pair of terminals is never without a satellite 
within mutual visibility. Duplicate transmitting and receiv- 
ing antennas and other equipment will be required at each 
terminal for continuous operation: while one transmitting- 
receiving pair traces a satellite throughout its journey, the 
other pair is aimed at the next satellite coming up over 
the horizon. The second pair thus continues the function 
of the first pair immediately after the first pair switches off. 
The first pair then takes over from the second pair some- 
where along the path, and the process is repeated. 

The satellite itself is planned to be a spherically shaped, 
spin-oriented, two-way radio relay, 4 ft in diam and weigh- 
ing 150 lb. It is to be powered by nickel/cadmium batteries 
recharged by about 12,000 solar cells covering one half of 
the sphere. Protection from radiation hazards will be afforded 
the solar cells by transparent covers of quartz. Radiation 
from the high-energy particles of the Van Allen radiation 
belt could be particularly damaging to the longevity of an 
active satellite. 

There are other world-wide communications schemes 
which deserve discussion, but consideration must first be 
given to the general technical problems involving satellites, 
including frequency allocation, noise, interference, environ- 
mental conditions, and energy. The paramount questions 
of traffic and channel consideration (together with the 
modulation scheme, mode of transmission and reception) 
will be discussed in the light of AT&T’s random-orbit, low- 
altitude satellite system. 
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Technical Considerations 


e Window in the Spectrum. The atmosphere is essentially 
transparent to electromagnetic radiation at frequencies be- 
low 200 mc. It exhibits absorption at higher frequencies, 
an absorption that gradually increases between 1000 and 
6000 mc and more sharply thereafter. At 20,000 mc, the 
absorption on a path toward the horizon is essentially 
complete; even a vertical path through the atmosphere ex- 
hibits serious losses at this frequency. Signal losses of this 
kind are caused by their absorption in oxygen and water- 
vapor. Heavy rainfall could cause interruption of service at 
frequencies lower than 10,000 mc. 


The ionosphere is essentially transparent at frequencies 
above 100 mc. The earth therefore has a “window” into space 
in the spectrum range of 100 to 20,000 mc. 


e Noise. Every element of an electric circuit produces 
spontaneous electrical-noise signals because of the thermal 
agitation of its molecules. In fact, any matter that has a 
temperature above absolute zero (—273 C or 0 K) produces 
thermal noise, the intensity of which is proportional to the 
absolute temperature of the source. Noise temperature given 
in degrees Kelvin is a popularly used “figure of merit.” Thus, 
for instance, when speaking of a receiver having a “noise 
temperature of 30 K” we mean that the noise generated in 
the receiver output circuits is of the same level as that 
produced by thermal activity at 30 K. 


There are five sources of noise that are controlling factors 
in a space-to-earth communications system. First, there is 
the aggregation of celestial matter emitting radiation 
which is a serious source of noise at frequencies below 200 
mc. This cosmic (or galactic) noise varies over the sky, 
but is negligible at frequencies above 2000 mc. Second, there 
is the atmospheric absorption of signals, which lowers the 
signal-to-noise ratio, plus the noise generated within the 
atmosphere from clouds and ionized regions. Third, the 
earth itself has a noise temperature of 300 K. From the 
radio receiver’s point of view, this is termed environmental 
noise. Fourth, there is the undesirable noise generated within 
the transmitting circuits and radiated along with the signal. 
Finally, there is the noise generated within the receiver. The 
latter has, of course, been the prime concern of radio 
engineers for decades, since terrestrial radio systems operate 
at frequencies and conditions that rule out noise problems 
other than those generated within the system itself. 


The presence of cosmic noise makes the lower frequencies 
in the atmospheric window unattractive for space communi- 
cations. At higher frequencies in the atmospheric window 
the atmosphere itself re-radiates the absorbed radiant energy 
in the form of thermal noise. All these external noise sources 
have an effect on the receiver’s signal-to-noise ratio and, 
ultimately, upon the acceptability of the transmitted infor- 
mation. 


The amount of atmospheric noise depends on the angle 
of the radio beam, since a signal directed at an angle of 
45 deg with respect to the earth’s surface, for example, 
spends a longer transit time in the attenuating atmospheric 
layer than does one directed towards the zenith. Figure 5 
shows the effect of atmospheric absorption in terms of noise 
temperature as a function of frequency for various angles 
of antenna beam. (Rough upper and lower limits of effective 
temperature due to cosmic noise are also shown.) An ex- 
amination of the curves will substantiate the usefulness of 
the well-defined region of frequencies between 500 and 
20,000 mc for space communications. It is important to 
recognize that Fig. 5 has absolute meaning; it is inde- 
pendent of the state of radio transmitting and receiving 
technology. 


Vehicles in space communicating with other vehicles in 
space are not affected by the atmosphere in any way. There- 
fore, the limiting noise temperature curves for atmospheric 
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absorption in Fig. 5 are not applicable. There is no presently 
known upper limit to the frequencies which can be used 
on such entirely extra-terrestrial paths. 

Until recently, receivers with noise temperatures on the 
order of 10* K were considered quiet; however, the advent 
of parametric and maser amplifiers brought about new 
criteria in “noiseless” receivers. Compared to a conventional 
microwave amplifier having a noise temperature of 3000 K, 
a traveling-wave maser amplifier has an effective input noise 
temperature of only 7 K. The material at the heart of the 
maser amplifier is chromium-doped aluminum oxide (ruby). 
The maser is used as a preamplifier for the ground receiving 
station and has been operated with a gain of more than 36 
db. The low noise temperature of a maser results primarily 
from keeping the maser near absolute zero temperature 
through the use of liquid helium. 

The maser receiver is so sensitive that even a fraction 
of the microwave radio noise due to the heat of the earth 
would seriously reduce its effectiveness. The noise accepted 
by the side and back lobes of an ordinary parabolic dish 
antenna would be intolerably high. Thus, the presence of 
ground and environmental noise requires the use of a re- 
ceiving antenna which has a minimum of back and side- 
lobe radiation. Such an antenna is a horn reflector, which 
consists essentially of a pie-shaped segment of the well- 
known parabaloid (dish) antenna. The antenna, as Fig. 6 
shows, is boxed in on the sides to eliminate ground noise. 
With receiver noise and ground noise virtually eliminated, 
the satellite space communication problem is then dominated 
by the existing “sky noise.” 

e Bandwidth. The classic struggle in communications has 
always been the retention of acceptable signal-to-noise ratios 
with the increase of traffic. Since increasing the number of 
channels means a greater bandwidth, an increase in traffic 
requires wider receiver bandwidth if the input of the re- 
ceiver is to admit all the information contained in the 
composite signal. Here the question of type of modulation 
becomes very important. In any case, increasing receiver 
bandwidth admits more noise, and this reduces the signal- 
to-noise ratio. 

One obvious way of retaining the signal in the presence of 
increased noise is to increase the transmitting power of the 
traveling-wave tube in the satellite. However, high power 
in a traveling-wave tube calls for high cathode current 
density, and high current density means short life. Lifetime 
of the satellite components is of paramount importance in 
the design of satellite systems since the satellite is not 
accessible for maintenance. There is a definite ratio of 
satellite lifetime to initial cost of satellite and satellite com- 
ponents (plus launching) that governs the economic accept- 
ability of the entire venture. High transmitting power also 


means increased size and weight of satellite components, 
and this is very much related to launching expenses. The 
problem of the satellite signal’s interfering with -conven- 
tional microwave ground stations must be included in any 
consideration of high-power transmission from the satellite. 
Such considerations have led to the belief that broadband 
transmission from the satellite is best accomplished with 
low power, and that gain deficiencies should be compensated 
for at the receiving ground terminal. 

Shannon’s work or information theory led to the conten- 
tion that by using a broader-band signal it is possible to 
improve the signal-to-noise ratio of the received message 
without increasing the transmitter power. One way of doing 
this is to use frequency modulation wherein changes in 
amplitude are transformed into changes in the carrier fre- 
quency. The maximum excursion of the instantaneous fre- 
quency from the carrier frequency is known as the frequency 
deviation. 

When an ordinary FM receiver is used, the bandwidth 
of the receiver must be increased as the frequency deviations 
of the transmitted signal are made greater. But, as has 
been mentioned, increasing the bandwidth of the receiver 
admits more noise, and if the bandwidth is made too wide, 
the noise will dominate the signal. 

This problem has found its solution in the invention of 
the FM receiver with negative feedback. Essentially, this 
type of receiver responds to a narrow band of frequencies 
at any one instant, and the frequency to which it is tuned 
tracks the transmitted frequency as the FM transmitter is 
modulated. The negative-feedback circuit is used to keep 
the narrow-band receiver tuned to the received signal. A 
receiver system comprising a horn antenna and a three-stage 
traveling-wave maser amplifier followed by an FM receiver 
with negative feedback has exhibited the unprecedentedly 
low noise temperature of 25 K. 

Not all modes of space communications benefit by the 
use of wide-deviation FM. Thus, for example, single sideband 
modulation has proved to be best suited for successiul re- 
ception of signals reflected from the moon. In this case, the 
multipath nature of signals received from the moon rendered 
wide-deviation FM particularly unsuitable. 

e Antennas. It is desirable to have a large reflector or 
lens antenna in the receiver to intercept a maximum of 
signal power and to reject noise from unwanted directions. 
Similarly, a large antenna is desirable in the transmitter 
to increase the concentration of power in the direction of 
the receiver. Large antennas concentrate power by virtue 
of narrow beamwidths, and this implies high directivity. 
Large, highly directive antennas with all the advantages 
accompanying gain have three drawbacks. First, they are 
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Fig. 6— (a) Horn-reflector antenna used in project Echo, and (b) its relation to the dish paraboloid antenna. 
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big, heavy and expensive. Second, they require great ac- 
curacy of construction to realize the necessary high direc- 
tivity. Finally, the mechanism which keeps them aimed at 
their intended targets must be extremely accurate. The first 
reason altogether rules out large antennas for satellite use. 

Antenna size, and therefore signal strength, is very often 
conditioned by fundamental circumstances. Consider, for 
example, a satellite which must transmit to any one of a 
number of ground stations. The satellite must have an an- 
tenna whose field of view is large enough to cover the whole 
area to which signals must go. Since the capture area (field 
of view) of the antenna varies inversely with the antenna’s 
diameter at a given frequency, there is an upper limit to 
the size of the antenna if it is to cover the necessary field 
of view. Alternatively, antenna gain can be maintained 
through the use of many transmitters, each more directive 
and trained in a different direction to cover the desired field. 
This, however, brings back the problem of size, weight and 
expense. 

Receivers could be similarly plagued. If it is desired to 
capture substantial areas of the transmitted beam, increas- 
ing antenna size would solve little, unless the number of 
receivers and antennas were increased to cover the desired 
field. Doing this, however, would make the receiving system 
more vulnerable to noise and interference within its field 
of view. 


Project Echo 


Before going ahead with the details of the actual system 
proposed for world-wide communications, it would be worth- 
while to review a celebrated experiment. 

During August 1960, a series of successful experiments 
with a passive satellite was initiated by the National Aero- 
nautics and Space Administration with the cooperation of 
the Bell Telephone Laboratories and others to confirm the 
theoretical aspects and the practicability of long-distance 
space communications. 

A 100-ft diam Mylar polyester sphere covered with vapor- 
deposited aluminum for radio-wave reflection was placed in 
an orbit 1000 miles above the earth’s surface in an orbital 
plane making an angle of 47 deg with the equatorial plane. 
The satellite circumnavigated the earth approximately every 
2 hr and traveled at a speed of 16,000 miles/hr. The satellite 
provided a two-way communications path when it was mutu- 
ally visible to the two terminal stations—one located at 
Goldstone, Calif. (NASA’s Jet Propulsion Laboratory sta- 
tion) and the other at Holmdel, N. J. (BTL’s installation). 
Telephone conversations were clearly audible at each re- 
ceiving end. 


Signals traversing this great distance without being amp- 
lified, and in the presence of atmospheric and galactic noise, 
required special system-design features such as high-power 
transmitters and highly directional, high-gain, narrow-beam- 
width antennas. The relatively short time of mutual visibility 
made a highly accurate tracking system necessary, so that 
the signal could be reflected precisely at some pre-assigned 
satellite position. 

The terminal at Holmdel was equipped with a 10-kw FM 
transmitter operating at 960 mc on a 60-ft diam parabolic 
transmitting antenna, while that at Goldstone was capable 
of transmitting 10 kw from an 85-ft antenna of similar de- 
sign at a frequency of 2390 mc. The receiving station at 
Holmdel consisted of a 20 x 20 ft aperture horn reflector 
antenna (see Fig. 6), a three-level maser r-f amplifier and 
an FM receiver with negative feedback. The receiving sta- 
tion at Goldstone made use of an 85-ft parabolic receiving 
antenna coupled with a parametric receiving amplifier. (As 
was tacitly suggested previously, while the maser amplifier 
is so sensitive as to warrant a horn antenna that is virtually 
“noiseless,” a highly directional, narrow-beam dish antenna 
that is not entirely free of environmental noise can suc- 
cessfully be teamed with a parametric amplifier that has a 
noise temperature of 20 K.) The signal received at Goldstone 
was about 22 db above the noise in a 6 ke band, while that 
received at Holmdel was about 32 db above the noise in 
a 6 ke band. 

One of the principal problems of Project Echo was 
“tracking.” The antennas at both the stations had to be 
pointed precisely and continuously at the satellite during 
the period of transmission and reception. Separate tracking 
facilities were established to gather information on the 
satellite’s position. This information was then fed to the 
NASA’s computing center, where it was compared to pre- 
dicted information on future positions in terms of azimuth 
and elevation. Information relating to the error between 
actual and theoretical positions was received and used to 
control the machinery that orients the antennas properly. 

The Echo satellite experiment represented the first scien- 
tific effort on the part of industry to use space communi- 
cations commercially. The satellite, although battered and 
wrinkled from its continuous encounter with micrometeorites, 
is still aloft and has long outlived its predicted lifetime. 

The technical limitations of a passive system for global 
communication have already been mentioned. In addition, 
as Echo demonstrates, there is the problem of the satellite’s 
maintaining its spherical shape while it is aloft. A departure 
from this form leads to dispersion, uninvited angles of reflec- 
tion and, hence, to weaker received signals. 


The Bell System Scheme 


Initial planning by AT&T calls for a system which would 
support 600 telephone channels (or one television channel) 
with 50 random polar-orbit repeater satellites at a height 
of 3000 miles above the earth, as described previously. The 
initial two launchings call for a 45-deg orbit with a 3000- 
mile apogee and a 600-mile perigee. The most probable r-f 
transmission frequency to be chosen for the system, because 
of the incumbent natural phenomena already discussed, is 
in the area of 6000 mc. The 5-mc bandwidth required for 
600 telephone channels or one television channel, in the 
opinion of the Bell people, is best accomplished with the 
use of FM broadband transmission. An arrangement incor- 
porating the horn reflector, maser amplifier, and FM feed- 
back receiver will provide a suitable signal-to-noise ratio 
for a 5-mc baseband with an FM deviation of +50 mc. In 
addition to the 100-mc swing, guard bands between the 
channels will amount to 25 mc. Thus, a one-way transmission 
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requires a bandwidth of about 125 me. 

In order to avoid feedback from the transmitter to the 
receiver on the satellite, it would be necessary to receive 
on one band of frequencies and to transmit on another band. 
Thus, one-way communication would call for a bandwidth of 
about 250 mc and two-way communication for about 500 mc. 
The system will thus require four specific frequency assign- 
ments for two-way, point-to-point communication. Conceiv- 
ably, two repeaters will be required in the satellite proper to 
accomplish this. Figure 7 sketches the frequency plan for 
a two-way broadband channel aboard an active satellite. To 
keep the power low and to insure traveling-wave tube 
longevity, the satellite could transmit a radiated power of 
1 watt essentially isotropic. Such a repeater would use an 
antenna with a dipole radiation pattern, and the -satellite 
would be spun to keep the axis of rotation in a known di- 
rection. 
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Aside from the traveling-wave tube, it appears possible to 
construct a broadband satellite receiver and transmitter en- 
tirely out of long-life solid-state components. Figure 8 shows 
a repeater configuration which could be used if Esaki tunnel 
diodes or transistor harmonic generators prove to be suc- 
cessful local oscillators at 6000 mc. Here, the incoming signal 
with a radio frequency of f, is heterodyned to i-f which, 
in turn, frequency modulates f,. 


Ground Stations 


A 50-db signal-to-noise ratio could be attained with the 
use of a 60-ft aperture horn reflector and a microwave maser 
amplifier, together with an FM feedback receiver. Since the 
satellite receiver is not an FM feedback receiver, it is wide 
open to noise. Here the technique would be to have the 
ground station transmit with sufficient power to maintain a 
fixed signal-to-noise ratio. About 1000 watts of transmitted 
power would be sufficient. The Bell-system scheme plans to 
provide each installation with two 60-ft diam dish transmit- 
ting antennas, two 60-ft diam horn reflector receiving an- 
tennas (see Fig. 9), and two beacon-tracking units for di- 
recting the antennas. Duplicate systems are, of course, for 
continuous operation. In addition, each ground station will 
have a standby transmitter and receiver. Thirteen pairs of 
terminals (26 ground stations) will be strategically located 
to service the world’s most active areas. Locations of the 
following ground terminals are shown in Fig. 4 in the master 
global communications plan: 


Boston, Mass., and London, England 

Miami, Fla., and Brasilia, Brazil 

Miami, Fla., and Johannesburg, South Africa (repeated at Bra- 
silia) 

Moscow, Russia, and Portland, Me. 

New Orleans, La., and Santiago, Chile 

New York, N. Y., and Bonn, Germany 

Oakland, Calif., and Honolulu, Hawaii 

Portland, Me., and Peiping, China (repeated at Moscow, Russia) 

Portland, Ore., and Tokyo, Japan 

Seattle, Wash., and Yakutsk, Siberia 

Sydney, Australia, and Oakland, Calif. 

Washington, D. C., and Paris, France 

Washington, D. C., and Bombay, India (repeated at Paris) 


The number of satellites in the system will permit one 
satellite to be used by one pair of terminals while another 
satellite is being utilized by another pair of terminals. 

Industry is, of course, very much aware of the need for 
future additional broadband channels to accommodate addi- 
tional telephone traffic, overseas television, teletype, high- 
speed data, communications for the military, and private 
lines to other countries throughout the world. Systems mak- 
ing use of many broadband channels are already in the 
planning. In any case, the entire question of frequency allo- 
cation to accommodate these services is contingent upon the 
decisions of national and international agencies. 


Fig. 7— Frequency plan for two-way broadband communica- 
tions. Each repeater consists of receiving and transmitting cir- 
cuits (see Fig. 8). 


Fig. 8 — Satellite receiver and transmitter as proposed by Bell 
Telephone Laboratories would be constructed entirely of long- 
life, solid-state components. 


Fig. 9 — Latest AT&T design of horn-reflector antenna for use 
in world-wide communications system. 


Synchronous Orbits 


The system which most authorities agree would ultimately 
be the best, if and when realizable, is the 24-hr synchronous 
system. Three communications satellites delivered to a height 
of 22,300 miles above the earth, orbiting in an equatorial 
plane, would rotate synchronously with the earth and would 
therefore appear to be stationary with respect to any point on 
earth. Each satellite would have more than one-third of 
the earth’s surface within its view. For this height, only one 
ground station dish antenna per satellite should be required, 
since each would be in constant view of one satellite. The 
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24-hour synchronous orbit scheme has been proposed, with 
variations in systems detail, by IT&T, RCA, General Tele- 
phone, Lockheed and Hughes, all of whom are engaged in 
active research on the project. Only one system will be 
described here. 


IT&T’s Proposal 


The International Telephone and Telegraph Company has 
considered the advantages of a synchronous repeater satellite 





whose transmitting frequency differs from its receiving fre- 
quency. To keep the power requirements within bounds, 
directive antennas with beam widths just covering the 
globe would be necessary. This would call for orienta- 
tion equipment involving electronics, flywheels and gas jets. 
In addition, the repeater itself would have to be kept from 
wandering out of position. This would require station-keep- 
ing equipment involving more electronics and gas jets. If 
the system center frequency is 2000 mc, a 214-ft dish antenna 
transmitting 10 watts would be suitable for the satellite. 

The system would be capable of handling a traffic of 1000 
channels at a 40-db signal-to-noise ratio per channel. Modu- 
lation may be digital, either pulse-coded or delta-modulated, 
or moderate-deviation FM. 

Some technique of identification is necessary for the many 
inputs originating at widely separated points on earth. The 
signals, upon their reception in the satellite, must be com- 
bined and processed to make efficient use of the available 
satellite transmitter power. Consideration is therefore being 
given to time-division multiplexing, which essentially identi- 
fies the inputs by their time of arrival. The transmitter at 
each ground station transmits a pulse at such a time as to 
arrive at the satellite during the predetermined time interval 
assigned to that station. Local ground stations might number 
in the dozens and transmit to the satellite direct, or might 
transmit to a master terminal which, in turn, would make 
contact with the satellite. 

The high-altitude synchronous-satellite scheme suffers 
from what in other realms of radio transmission would be 
a blessing. The electromagnetic propagation time to and from 
the repeater would be about 0.3 sec. Assuming that the second 
party starts to talk immediately after he finishes hearing 
the first party, there will be a 0.6 sec delay between the 
first party’s remark and the second party’s reply. This may 
be endured as people become accustomed to it, but the so- 
called “echo delay” poses a more formidable problem. In 
our present two-wire telephone line, the speaker hears his 
own echo practically at the same time that he talks. As a 
result of the echo effect, the first party’s echo in synchronous 
satellite systems will reach him at the same time that the 
second party’s reply reaches him, resulting in an intolerable 
annoyance. This problem can be solved by providing com- 
pletely independent paths for both speakers, as in four-wire 
circujt systems. This, however, would require an overhaul 
of e¥ery subscriber’s telephone. No completely satisfactory 
solution has yet been found to this puzzle. 

There is another outstanding problem posed by synchron- 
ous systems that might persuade some authorities to forego 
this plan for a more immediately realizable one. The need 
for station keeping and orientation equipment adds body and 
weight to the satellite. It is at present doubtful whether the 
United States has the thrust capacity to lift such satellites 
to a height of 22,300 miles, let alone to guide them into 
an equatorial orbit. Whereas the low-altitude system has no 
moving parts, the synchronous system will have the prob- 
lems of flywheel and gas jet throughout its lifetime. This 
last matter is, however, a problem posed at present due to 
limitations in the state of the art. With increasing rocket 
power and continued research on longevity of materials, plus 
a solution to the echo problem, synchronous-satellite sys- 
tems may yet prove to be the ultimate in utility. 


Several companies have presented their plans for global 
communications before the Federal Communications Com- 
mission with the aim of having the Commission allocate 
blocks of frequencies exclusively for satellite communications. 
The FCC has put all microwave users on notice that changes 
in the present schedule may be required in order to accom- 
modate space communications needs. A preliminary investi- 
gation to determine frequency allocation for space communi- 
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cations was recently initiated by the Joint Technical Ad- 
visory Committee of the Institute of Radio Engineers and 
the Electronic Industries Association. The JTAC report 
strongly recommended that the frequencies between 2000 
and 10,000 mc be made immediately available for space 
communications and that frequencies above 10,000 should 
be carefully studied for future space use. 

While the number of technical problems involved in 
space communications is manifold, the entire concept is 
within reach, so that the most successful system put into 
effect in the shortest time may hinge as much on industrial 
statesmanship as it does on engineering skill. Furthermore, 
if the system to be used is to benefit mankind the world over, 
cooperation and mutual agreement must be sought from 
every nation. Already, the important subject of frequency 
allocation has taken on international prominence with the 
coming meeting of the International Consultative Committee 
on Radio, to be held in New Delhi in 1963. A further 
recommendation has been forwarded by the International 
Telecommunication Union, the international counterpart of 
the FCC, that an administrative radio conference be held 
in the latter part of 1963 to evoke the opinions of national 
representatives on problems germane to space communica- 
tions. Every participating nation is expected to lend its 
knowledge and talents to effect this extraordinary global 
venture. O00 
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THERMISTOR-RESISTOR networks can be used to perform 
one of two important functions in electronic circuits. 
They are used either as current-sensing devices (stabiliz- 
ers, delay circuits, etc.), where their performance is a 
function of the thermistor current, or as temperature- 
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Fig. 1— Characteristics for four-pole thermistor-resistor networks. 


NOVEMBER 1961 





af Ra \Fo~ 2) _ 
4 AiRa FF,» Rglhy P| 
4 [ Fadohe * Rs Re * Righs)* Fig* 3 Ro ] 
él (Rig ty *Fai)Fo 
RaiPighet Pye + Pigs) - Rg * ¥s)Fo 
(Rigt st RalPo 
__ fs* hau 
RolRg 











sensing devices (compensators, measuring and control 
instruments, etc.), where their performance depends on 
the ambient temperature.(], 2)* Only a few references 
exist in the literature on the design of such networks. 
(3-7) In this article, we will be concerned only with 
temperature-sensing circuits. 

Two types of networks will be considered: the first is 
a four-pole (or two-port) in which the resistor-thermistor 
circuit is connected between a voltage source and a re- 
sistance load. These networks are shown at the tops of 
the columns of Fig. 1. In this case, we are principally 
interested in the voltage transfer ratio and the resistance 
looking into the output terminals. Formulas for these 
values are given in the first two rows of Fig. 1. It will 
be noted that the resistance of the voltage source Rg is 
considered to be in series. (In some cases, the symbol 
R,g is used to indicate the sum of Rg and the first 
resistor that is in series in the network.) In addition, 
all of these networks terminate in a resistor in parallel 
with the load. (The expressions R.,, R4,, etc., indicate 
the effective resistance of these two resistors in parallel.) 
It is also possible to determine the current or power 
transfer ratios for these circuits, but the formulas are 
not given here since they are proportional (the constant 
is a function of Rg and R,) to the voltage transfer ratio. 

The second type of network to be considered is the 

















Fig. 2 — Characteristics for two-pole networks. 


* Italic numerals in parentheses refer to Cited References at end of article. 


Fig. 4— Circuit parameters for four-pole networks. 
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two-pole (or one-port) circuit, which is illustrated in 
Fig. 2. In this case, the thermistor-resistor network is = 


merely a load and provides a given input impedance as 
a function of temperature [R;,(t) in the first row of 
Fig. 2]. 

The characteristic curves and design parameters shown 
in Figs. 1 and 2 are for negative-temperature-coefficient 
thermistors. Ladder types of thermistor-resistor networks Voltage 
may have attenuation (transfer ratio) characteristics transfer ratio 
with either positive or negative slopes, depending on the allie acieaictie 
type of thermistor and its location in the circuit. The 
slope of the input resistance, however, depends on the 
thermistor type only. The various different slopes are 
shown in Fig. 3. Thus, for positive-coefficient units, the 
slopes of the characteristics shown in Figs. 1 and 2 would 
be reversed. 

In Fig. 1, the line labeled “inflection condition” is used 
to determine the resistance of the thermistor at the 
reference temperature or operating point. A thermistor- 
resistor network is expected to exhibit a temperature- 
dependent attenuation or input resistance that varies 
linearly with temperature in the vicinity of a specific A = attenuation t= temperature 
reference and has the largest possible slope at that point Fig. 3— Variation of various circuit parameters depending on 
(or in that range). Since the point of inflection of the type of thermistor temperature coefficient 
characteristic curve satisfies these conditions, it is ad- 
vantageous to choose that point as the operating point 
of the network. A theorem relating the location of the used to derive the conditions for determining R,, but 
inflection point to the circuit-element values has been it will not be given here. 
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Fig. 5 — Circuit parameters -for two-pole networks. 


The remaining lines in Fig. 1 are used to determine 
the attenuation or voltage transfer ratio and its deriva- 
tive with respect to temperature, the output resistance 
and its derivative with respect to temperature, and the 
maximum thermistor current. 

In Fig. 2, data are given for the two-pole networks 
for determining the input resistance and its derivative 
with respect to temperature and the maximum thermistor 
current. 

The actual circuit configuration to be used in design- 
ing a thermistor-resistor network is determined from Figs. 
4 and 5 by selecting the simplest suitable network which 
fulfills the required design parameters. Since one circuit 
arrangement has no particular advantage over another, 
it is always desirable to use the simplest possible. How- 
ever, restrictions imposed by the realizability conditions 
may force the designer to choose a more complicated 
network. 


Assumptions. The following assumptions are made 
in designing a network: 


1. The self-heating effect is negligible. That is, the 
thermistor resistance is practically independent of the 
operating thermistor current. 


2. The thermistor characteristics can be approximated by 
R(t) = R,e*t. This assumption increases in accuracy as 
the ratio (273 + t,)/(273 + t, + t) approaches unity. 
If « is given at a temperature ¢t,, which is different from 
the conversion formula 


te + 273 
« =) Ft | 


los 


can be used. 


3. The thermistor time response is much faster than the 
temperature variations. 


4. The regular resistors in the network have zero tem- 
perature coefficients or are not subjected to temperature 
variations. 


Approximations. It is possible, in calculating the 
parameters of a network, to make an approximation 
to the characteristic curve which will improve the over- 
all performance of the network. A typical characteristic 
curve of the voltage attenuation is shown in Fig. 6. The 
procedure is to apply a “pre-emphasis” to the original 
slope of the curve at the operating point so that a 
straight line (dashed line in Fig. 6) drawn through the 
curve at the operating point more nearly approximates 
the curve than does the original tangential line (solid 
line in Fig. 6). The equation for the attenuation then 
becomes 


Apt) = Agp’t + ACO) 


where 
t 2 
Ange! = AW'(0) [1 — “E"] 


To carry out the correction, Ay,,’ should be made equal 
to the prescribed initial sensitivity, a proper value of t, 
chosen, and the resulting A,’(0) used in further calcula- 
tions. Of course, a high value of ¢, makes for a greater 
deviation (A) between the characteristic curve and the 
straight line within the region from the origin to 4. 
The value of A reaches a peak when 


b&=t/ v3 


ol aaa 


Then, 


Definitions of Symbols 


= relative temperature in deg C 


See eee 


= maximum relative temperature 

= reference temperature in deg K 

= resistance of thermistor at temperature t 

= resistance of thermistor at reference temp- 
erature 


= temperature coefficient at reference temp- 
erature in deg ~ 


Ria(t) “= input resiatence of a network as a func- 
tion of tempetature 
= output resistance of a network as a func- 
tion of temperature 

e = maximum thermistor current 


Note: In this article, a prime (/ ) on a symbol indi- 
cates the first derivative with respect to temperature. 
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The same procedure can be applied to the characteristic 
curves for R,,,(t) and Rj, (t). 


e@ Examp te: A thermistor voltage-compensating net- 
work is to be built to the following specifications: 


temperature range: 0 to 80 C 
generator voltage: 10 volts d-c 
generator resistance: 500 ohms 
output voltage: 5 volts d-c at 40 C 
output voltage slope: dV../dt = —8 X 10-* volts per deg C 
output resistance, incorporating a 1.5-megohm load: 
412 k +0.05 per cent through the control range 


A Western Electric No. 44A thermistor is to be used, 
with the following constants, as determined from the 
manufacturer’s data: 


957]2 
aa a kc) SS —4 X 10-*/deg C 


“ao " L275 +H 


R, = 82.4k 
voltage deviation from linear, Amax < 5 X 107% 
Using the pre-emphasis approximation described above, 
and with t, = 40 C, the following design parameters 
can be calculated: 


aa Se oS aero 
Asp =v Gi | = —8 X 10-‘/deg C 


- 2 -1 
A,'(0) Avy’ [1 ‘o (hy = —10-*/deg C 


12 


24 3 
Anax = 4.0) [ ~ f | = 3.27 X 10°? 
] 


8v 3 
V0) _ 


; 0.5 
Va . 


A,(0) = 


Rour'(0) < —5.15 ohms/deg C 


Having these parameters specified, the next step is to 
choose the proper circuit from Fig. 4. Thus the circuit 
shown in Fig. 7 is chosen and the values of the resistors 
are calculated from the formulas in Fig. 4. 

It is also now possible to calculate the maximum 
thermistor current: : 


— i [ Ve I R; + Ret 
° 1]+ e*max_ |] R.(Rie + R: + Rix) 


This turns out to be well below the level at which 
power dissipation becomes significant according to the 
ratings for this thermistor. 

This circuit was actually built using combinations of 
deposited-carbon resistors to achieve the desired resist- 


ance values. The performance of the circuit is shown in 
Fig. 8. O00 


=~ 109 vamp 
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IN THE AREA OF structural alloys, a wide variety of high- 
strength sheet materials, including cold rolled austenitic 
stainless steels, aluminum, titanium, nickel and cobalt-base 
alloys, as well as several heat-treatable stainless steels, have 
been subjected at Convair-Astronautics to tests at tempera- 
tures ranging down to —423 F to determine their suitability 
for application in missile and space-vehicle systems.* These 
alloys were selected for study because they exhibited one or 
more of the following characteristics: high strength/density 
ratios, good toughness (i.e., resistance to brittle fracture), 
adequate weldability, retention of properties at both cryo- 
genic and moderately high temperatures in the range of 700 
to 1200 F, corrosion resistance, and good formability. 

In order to obtain optimum strength levels, the alloys 
selected for study were either cold worked (cold rolled) or 
heat treated (age hardened or quenched and tempered) to 
the highest strength levels commensurate with adequate 
toughness. In addition, since weldability is of prime import- 
ance in the fabrication of these space vehicles, alloys were 
tested in both the base metal and heliarc butt-welded con- 
figurations. 

The alloys were subjected to tensile testing at 78 F, —100 
F, —320 F, and —423 F (in both smooth and notched 
configurations) to give values of yield strength, tensile 
strength, elongation, and notched/unnotched tensile ratios 
(stress concentration factor, K; == 6.3) in the base metal, 
and tensile strength and elongation in heliarc butt-welded 
joints. 

Limited data are also presented on the mechanical proper- 
ties at cryogenic temperatures of some structural plastics 
laminates and adhesives. Thermal expansion and thermal 


* Supported in part by the Air Force Atlas and Centaur contracts; however, the 
greater portion was supported by internal company funding which had been allo- 
cated to advanced research and development projects. 


Combinéd reprints of the two articles on “Cryogenics” 
(September and November issues) are now available, 
price $1.00. See page 14% ior handy Order Form. 


The results of an extended investigation 
of the behavior of metallic and nonmetallic 
materials under cryogenic environments for 
aerospace and missile applications: evalua- 
tion objectives are described, test data are 
tabulated and their significance interpreted. 
Stainless steel, aluminum alloys, titanium 
alloys, and cobalt-nickel alloys are the prin- 
cipal materials discussed. Nonmetallic ma- 
terials discussed include adhesives, plastics, 
structural laminates, thermal insulation and 


gasketing materials. 


conductivity data on thermal insulation materials over a 
range of temperatures are included, as is general informa- 
tion on the cryogenic behavior characteristics of films, 
elstomers, and plastics. 

A variety of experimental tests has been performed to 
evaluate various mechanical and physical properties of air- 
borne components (such as gaskets) subjected to cryogenic 
temperatures. The mechanical properties of soldered and 
brazed joints have been determined in both standard tensile 
tests at —423 F and in bend tests following thermal cycling 
between +78 and —423 F. 

Notched tensile tests were included for study to evaluate 
toughness, which is a measure of resistance to catastrophic 
brittle fracture. Toughness is a property of vital importance 
in missile design because the structures are subject to shock- 
type loads which occur during hydraulic hammering, vibra- 
tion due to rocket-engine firing, action of quick-closing 
valves, and similar factors. The structures will also contain 
built-in stress concentrations of varying degrees of intensity 
due to welding defects, tool marks, assembly eccentricities, 
random defects in the metal, etc. These conditions all favor 
brittle failure and become even more severe at low tempera- 
ture in that brittle fracture of many materials is more likely 
to occur at reduced temperatures. 

The severest type of toughness test combines high strain 
rates, sharp notches, and low temperature, as typified by 
the Charpy V-notch test conducted at low temperature. 
Notched/unnotched tensile tests were used in this investi- 
gation as an index of toughness since almost all of the data 
reported upon were obtained on relatively thin-sheet material 
and no fully reliable impact test has yet been devised for 
thin sheet. The notched tensile sample allows use of sharp 
notches and low testing temperatures, but does not permit 
the high strain rates available in the Charpy V-notch impact 
test. The initial strain rate at the root of the notch is, how- 
ever, greater than that encountered in tests of smooth ten- 
sile specimens because of the stress-concentration effect of 
the notches. 

The stress-concentration factor of 6.3 was used in this 
investigation because previous axial fatigue tests of complex 
welded joints on 301 extra-full-hard stainless steel had 
exhibited good correlation with notched/unnotched tensile 
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ratios obtained with this value of K; over a range of tem- 
peratures from +78 to —423 F. 


Cold-Worked 300-Series Stainless Steels 


Type 301 cold-rolled about 60 per cent stainless steel is 
the skin material used in the Atlas and Centaur vehicles. 
In varying degrees of cold work and welded-joint configura- 
tion, it has been subjected to an extremely wide variety of 
mechanical and physical property tests over. the temperature 
range of —423 to +1000 F, weldability tests involving 
heliarc butt, seam, and spot welds, and resistance spot 
welds, stress corrosion tests, thermal conductivity tests, and 
many others. As a result of these tests, the properties of 
this material are accurately known and thoroughly reliable 
for applications such as recently proposed long-range space 
vehicles. At present, this alloy is being produced to a Con- 
vair specification which requires fractional standard AISI 
tolerances for thickness, camber, flatness, and surface ap- 
pearance. 

This alloy and type 304 ELC (extra-low carbon) cold- 
rolled 50 per cent exhibit excellent low-temperature proper- 
ties; either alloy would make an excellent skin material for 
new space vehicles. The mechanical properties of these 
alloys for thicknesses of 0.032 in. and 0.12 in., respectively, 


Tensile 


are given in Tables I and II. In addition, type 301 extra- 
full-hard has been tested in gages as heavy as 0.100 in., 
and equally high strengths are obtained at all test tempera- 
tures. 

Between —320 and —423 F, the occurrence of the aus- 
tenite-to-martensite reaction in the 301] extra-full-hard alloy 
causes the material to fracture in a less ductile manner 
(i.e., less plastic flow prior to fracture), with a resulting 
lower elongation. The product of this reaction, martensite, 
behaves in a more brittle manner than does the austenite, 
and its presence in large amounts has a deleterious effect on 
the notched/unnotched tensile ratio and tensile fatigue 
properties of complex welded points. It makes the use of 
this alloy marginal at —423 F. 

Where better fatigue life for a given stress level is de- 
sired, a more stable steel (one in which the austenite-to- 
martensite reaction does not occur) would be specified. 
Such a steel is AISI type 310 CRES (corrosion-resistant). In 
the 75 per cent cold-rolled condition (see Table III), this 
alloy sacrifices some strength at +78 F (as compared to 
extra-full-hard type 301) to obtain complete stability. How- 
ever, the increased strength of 310 at lower temperatures 
exceeds the room-temperature strength of type 301. This 


Heliarce 


Direction 
Long, avg 
Long, avg 
Long, avg 
Long, avg 


yield Ultimate 
|} strength, tensile 
|ksi (0.2 per| strength, 
lcent offset) ksi 


224 
| 210 
249 


290 


205 | 
| 


® Sheet material, 0.032 in. thick. 


>K: = 6.3. 


Elong- 
ation, 


© Heliare butt weld, roll planished, and no doubler reinforcement. 
4 The overall dimensions of the test sample on which elongation values were obtained are 9 in. by 1% in. with a reduced section of 
\% in. (for all materials tabulated). 
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253 
301 
303 


Tensile 
strength, 
notched,> 

ksi 


Tensile 
ratio, 
notched / 
unnotched 


Tensile 
ratio, 
notched / 


| 


butt 

weld 

7 Os 
ksi 


148 
207 
287 
215 


Weld 
elong- 
ation, 
per 
cent 


Heliarc® 
butt 
weld 

Ti Bn 
ksi 


Joint 
effic- 
iency, 
per 
cent 


cent offset) 


| 
Long, avg 158 
153 
| 


‘i 
Tran, avg 
186 | 


Long, avg 
Tran, avg 
Long, avg | 
Tran, avg 
Long, avg 
Tran, avg 


182 
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® Sheet material, 0.012 in. thick. 
> Kr = 6.3. 
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© Heliare butt weld, X-rayed, roll planished, and no doubler reinforcement. 
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| yield 
| strength, 
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Direction {cent offset) 


Long, avg 
Tran, avg 
Long, avg 
Tran, avg 
Long, avg 
Tran, avg 
Long, avg 
Tran, avg 


157 | 
163 
190 | 
192 
223 
225 
261 
280 


® Sheet material, 0.020 in. thick. 
bK: = 6.3. 
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Weld 
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ation, 
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Joint 
effic- 
iency, 
per 
cent 
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50 
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63 


Tensile Tensile 
strength, ratio, 
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ksi unnotched | 
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06°) | "a 292 
| 
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tensile 
strength, 
ksi 
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Elong- 
ation, 
per cent 
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Al 
ae 329 12 
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© Heliarc butt weld, X-rayed, roll planished, no doubler reinforce ment. 





stability of type 310 is reflected by the higher fatigue life 
of the material in the welded joint at —423 F. After a test 
of 2000 cycles (0-140,000 psi) at —423 F, only one small 
crack appeared. Based on prior experience in fatigue tests, 
where final failure occurs after 50 per cent or more of the 
number of cycles at which the first crack initiates, it can be 
conservatively estimated that the fatigue life of this material 
will be at least 3000 cycles at —423 F; this compares with 
633 cycles for the 301 CRES at —423 F. 

Table IV gives the properties of type 301 three-quarter- 
hard (40 to 50 per cent cold-rolled), which is used for cold 
forming. Table V gives the mechanical properties of this 
alloy cold-rolled 78 per cent. Other studies of this alloy 
class have been conducted on type 304 ELC which, at 
cryogenic temperatures, exhibits a somewhat higher notched / 
unnotched tensile ratio in the 50-per cent cold-rolled temper 
than type 301 extra-full-hard. This has the potential of being 
cold worked an extra 10 to 20 per cent, which would bring 
its strength level up to that of type 301 extra-full-hard, with 
indications that it would have maximum resistance to brittle 
fracture. 

Additional studies of the effects of variations in chemistry 
and cold work at low temperature on the mechanical proper- 
ties of this alloy class were performed on type 302 (40 and 
60 per cent cold-rolled) as shown in Table VI, and type 310 
(40, 60 and 75 per cent cold-rolled)—see Table ITI. The re- 
sults show that the type 310 is fully stable, as deduced from 
notched/unnotched tensile ratios, in all tempers down to 
—423 F. due to its high nickel content (20 per cent). How- 
ever, this alloy does not have the high work-hardening capa- 
bility of type 301. 

Further studies of austenite stability as influenced by 
chemistry were performed on type 301-N* steel, cold-rolled 
about 60 per cent. The data of Table VII show that this alloy 
has tensile and yield strengths approximately those of type 
301 extra-full-hard. The lower notched/unnotched tensile 
ratios at lower temperatures show, however, that this steel is 
unsuited to cryogenic application due to its relatively un- 
stable austenite, which is converted in large amounts to the 
more brittle martensitic phase. 

Stress-corrosion studies of type 301 extra-full-hard have 
shown that this alloy should not be used in conjunction with 


* Normal 301 composition with approximately 0.10-0.15 per cent nitrogen added. 


Test temp, 
deg F 


* Sheet material, 0.020 in. thick. 


magnesium alloys, no matter how well surface-protected 
the magnesium may be. The smallest scratch or break in 
the protective coating allows corrosion products [MgO and 
Mg(OH).] to come in contact with the stainless steel, which 
then undergoes stress-corrosion attack. This attack is ac- 
celerated by environments such as salt spray, but even less 
severe conditions allow this attack to occur. In contact with 
other alloys such as aluminum, K-Monel, titanium, and other 
steels, only nominal protective measures need be taken. 


Aluminum Alloys 


The 5000-series aluminum alloys (see Tables VIII and IX) 
are ideally single-phase magnesium-aluminum solid-solu- 
tion type alloys with a face-centered cubic structure—con- 
ditions which would indicate good toughness at low tem- 
peratures. These alloys derive their strength from cold 
working (which lends itself to the forming of high-strength 
sheet material) and from the alloying effect of magnesium. 
They are considered weldable by all commercial procedures 
and methods, and no post-welding heat-treatment or process- 
ing is required for good joint efficiency. However, as may 
be seen in Table IX, the toughness (as measured by notched/ 
unnotched tensile ratios) decreases significantly between 
+78 and —423 F. This result (unexpected for a single- 
phase, face-centered cubic structure) has been attributed 
to chemical impurities in the alloys. Several alloys are 
therefore being investigated to determine the effect of im- 
purities resulting from normal commercial production. This 
program calls for the preparation and testing of high-purity 
alloys, which are obtainable by using high-purity alloying 
elements, controlled-atmosphere melting, ultrasonic treat- 
ment during ingot solidification, etc. In view of the relatively 
low strength-to-weight ratio of the 5000-series alloys as com- 
pared to stainless steels or titanium alloys, attempts to in- 
crease their strength by a greater degree of cold rolling are 
also being made. 

Measurements of thermal conductivity and coefficients of 
thermal expansion are being made at —320 and —423 F. 
A large number of environmental-corrosion studies of alu- 
minum alloys (clad and bare) and their welded joints have 
been made. Also, corrosion resistance of dissimilar junctions 
with other structural materials have been determined, and 
in those cases where a corrosion problem was apparent, 
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tensile 
strength, ksi 


Tensile Tensile ratio, 
notched / 


unnotched 


strength, 
notched, ksi 


190 200 1 
224 216 0. 
290 262 0. 
317 293 0 


» Notch “A” [stress concentration factor (K:) = 6.3]. 


Tensile 
yield 
strength, 


Direction cent offset) 


Tran, avg 287 
Long, avg 302 
Tran, avg 296 
Long, avg 350 
Tran, avg 359 
Long, avg 423 
Tran, avg 286 


* Sheet material, 0.015 in. thick. 
> K:=6.3. 
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Tensile 
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Tensile 
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© Heliare butt weld, roll planished, and no doubler reinforcement. 
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Tensile yield 


strength, ksi 
(0.2 per cent 


Test temp, 
deg F Direction 
Long, avg 
Long, avg 
Long, avg 
Tran, avg 


& Sheet material, 0.020 in. thick. 


Tensile 


yield 


strength, 
ksi (0.2 per 
cent offset) 


Direction 


Long, avg 
Tran, avg 
Long, avg 
Tran, avg 
Long, avg 
Tran, avg 


® Sheet material, 0.027 in. thick. 


199.8 
176.9 
243.9 
226.3 
297.3 
289.9 


Ultimate 
tensile 
strength, ksi 


Tensile ratio, 
notched / 
unnotched 


Tensile 
strength, 
notched,> ksi 


Elongation, 
per cent 


offset) 


178 
228 
249 
259 


205 
307 
294 
315 


222 
283 
278 
258 


1.08 
0.92 
0.95 
0.82 


Ultimate 
tensile 
strength, 
ksi 


Tensile strength, 
notched, ksi 


Tensile ratio, 
notched /unnotched 
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222.9 
228.4 
340.2 
296.3 
334.4 
311.6 


240.3 
222.3 
287.2 
232.3 
264.4 
152.0 


241.7 
248.6 
309.9 
293.3 
281.3 
215.8 


1.08 
0.97 
0.84 
0.80 
0.79 
0.49 


» Notch “A”, Kt = 6.3; notch “B”, Kt = 3.2. 


suitable organic coatings or electroplated finishes were de- 
veloped. Compatibility with liquid oxygen has been tested 
on an aluminum alloy (6061) and it was found to be impact- 
sensitive at 30 to 70 ft-lb of impact load. The significance 
of liquid-oxygen impact sensitivity as measured by various 
highly arbitrary methods is subject to considerable discus- 
sion. 

The low-temperature mechanical properties of 2014-T6 
and 2024-T3 and -T4 sheet and plate stock are being de- 
termined as representative of the 2000-series aluminum al- 
loys. This class of alloys contains copper as a main alloying 
element and derives its strength from age-hardening reac- 
tions. The alloys are generally considered as not weldable 


Tensile 
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strength, 


ksi (0.2 per| strength, 


Direction j|cent offset) 
40. 
41 
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Long, avg 
Tran, avg 
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due to weld embrittlement and inherently poor efficiency 
in the as-welded condition. The tensile strengths (50 to 
60 ksi at 78 F, and 90 to 100 ksi at —423 F) are appreciably 
higher than those of the 5000-series alloys, thereby offering 
a more competitive strength-to-weight ratio. Results of low- 
temperature mechanical testing to date indicate that these 
alloys retain good ductility and toughness in the parent 
metal to —423 F. Therefore, these alloys are considered to 
be good structural materials at cryogenic temperatures if 
mechanical joining such as riveting may be used in lieu of 
fusion welding. 

The 6061 aluminum alloy in the T4 and T6 tempers was 
chosen as representative of the 6000 series, a class of low- 
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® Sheet material, 0.040 in. thick; see Appendix A for composition. 


> K: = 6.3. 
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® Sheet material, 0.040 in. thick; see Appendix A for composition. 
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74.6 
70.8 
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54.4 


® Sheet material, 0.020 in. thick; see Appendix A for composition. 
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® Sheet material, 0.040 in. thick; see Appendix A for composition. 


> K: = 6.3. 


© Heliarc butt weld, roll planished, no doubler reinforcement. 


alloyed aluminum with copper, magnesium, and silicon. Al- 
though this alloy is quite weldable by all general welding 
techniques and retains good ductility and toughness at low 
temperatures, the very low tensile strengths (30-40 ksi at 
78 F and 50-70 ksi at —423 F) practically eliminate this 
material for missile use, except for special low-load-carrying 
applications. (See Table X.) 

The very-high-tensile-strength aluminum alloys are in 
the 7000 series, a highly-alloyed zinc, magnesium, copper 
type of alloy which derives its strength from age-hardening 
heat treatments. Several representative alloys exhibited am- 
bient-temperature tensile strengths from 70 to 90 ksi, which 
makes them most impressive on a strength-to-weight basis. 
However, no methods of producing fusion welds without 
inherent embrittlement and very poor joint efficiency have 
been found. The microstructure of these alloys shows a large 
number of metallic inclusions, which suggests that the tough- 
ness of these alloys may be greatly improved by maintaining 
higher chemical purity during production of the material. 
A high-purity aluminum alloy, X7275, is being procured 
for testing to determine purity effects. 

Thus, the aluminum alloys show the most promise for 
cryogenic application in those places where compressive 
loads and, hence, buckling considerations control the design. 
In these cases, the tough, weldable 5000-series alloys such 
as 5456, 5086 and 5052 would be used. In other applications 
where welding is not required, optimum strength/density 
ratios combined with adequate toughness would be obtained 


with 2024-T4 or 2014-T6. 


Titanium Alloys 


Titanium-base alloys are of major interest for missile and 
space-vehicle application because of their outstanding 
strength/density ratios, accompanied by good weldability 
and excellent corrosion resistance. Numerous titanium-sheet 
alloys have been evaluated at temperatures ranging down 
to —423 F, including AI1OAT, 6Al1-4V, B120VCA, 6AI1-4Zr- 
1V, 7Al-12Zr, and RS 140. Data from the AI10AT program 
is given in Table XI. It is seen that this alloy exhibits excel- 
lent notched/unnotched strength ratios, which are especially 
good at the lower temperatures. This alloy is characterized 
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by large increases in both tensile strength and yield strength 
and very small decreases in elongation with decreasing 
temperature. This increase in yield strength is of prime im- 
portance in missile design, because many designs are based 
on yield strength rather than tensile strength. Large in- 
creases in yield strength at low temperature thus can be used 
to advantage in structures which are highly stressed only 
at low temperature. 

As in most cases where yield strength increases rapidly 
with decreasing temperature, the toughness of some of these 
alloys undergoes a transition from ductile to brittle at rela- 
tively high temperatures, depending on chemistry, heat treat- 
ment, strain rate, type of test, etc. However, the 5 Al-21%% Sn 
alloy has an excellent notched/unnotched tensile ratio down 
to —423 F, and appears to be promising for cryogenic 
application in all respects. It should be noted, however, 
that this alloy loses strength rapidly at temperatures ex- 
ceeding 600 F. 

The welded joint of AllOAT titanium alloy is as strong 
as the parent metal, because this alloy does not respond to 
heat treatment. Thus, material air-cooled from the welding 
(molten) temperature has the same strength as the parent 
material. In tensile tests of heliarc butt-welded joints, frac- 
ture occurred in the base metal rather than in the weld metal 
because the weld had been roll planished, thus increasing 
its strength slightly by cold work. 

The superiority (strength-to-weight basis) of the A1lOAT 
alloy to the best aluminum and steel alloys at cryogenic 
temperatures has already been noted in the first article of 
this series.* 

The two titanium alloys that show the most promise for 
cryogenic applications are AI10AT sheet at temperatures 
down to —423 F, and 6Al-4V in the form of high-strength 
heat-treated forgings down to —320 F. For use at —423 F, 
6Al1-4V is probably restricted to the lower-strength annealed 
condition. In the high-strength, heat-treated condition, this 
alloy is undoubtedly too brittle to be reliable for use at 
liquid-hydrogen temperature. It is also unsuitable for use 
at temperatures in excess of approximately 800 F, owing 
to the rapid decay of strength. 


* “Cryogenics: Environment/Phenomena/Applications,” September 1961, p 121. 
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® Sheet material, age hardened at 1080 F for 16 hr, 0.020 in. thick ; see Appendix A for composition. 


» Notch “*A", Ke = 6.3; notch “B”, Kt = 3.2. 
© Welded joints heat treated after welding; no roll planish. 


Nickel and Cobalt-Base Alloys 


e K-Monel. This alloy finds current use in cryogenic 
missile-system applications such as liquid-oxygen manifolds, 
where complicated shapes must be formed from soft sheet 
material, and then welded and age-hardened to higher 
strength levels without distortion. This alloy exhibits the 
typical behavior associated with face-centered-cubic ma- 
terials; i.e., large increases in ultimate strength, and smaller 
increases in yield strength and elongation with decreasing 
temperature. In addition, it has a high welded-joint efficiency 
at all temperatures, as shown in Table XII. This table also 
shows that the toughness of this alloy as measured in the 
notched/unnotched tensile tests actually increases slightly 
between +78 and —423 F. 

The unetched microstructure reveals the presence of some 
inclusions at 500 diameters, but the hot rolling and heat 
treatment have combined to cause these particles to agglomer- 
ate, so that no sharp edges are present to act as stress raisers, 
As a result of these studies, K-Monel has been found to be 
a very formable and weldable alloy in the annealed condi- 
tion, and can be aged to moderately high strengths by a 
low-temperature aging treatment (1080 F) so that little dis- 
tortion of the part occurs. This alloy is also very corrosion- 
resistant. 

e Haynes 25 (L-605). This cobalt-base alloy has been 
in use in the form of cold-rolled sheet for high-temperature 
applications. However, because of its good response to cold 
work and its face-centered-cubic crystal structure (indica- 
tive of good low-temperature toughness), it has also been 
investigated for cryogenic uses. 

The alloy was studied in two tempers: 20 and 40 per cent 
cold-worked. The 40 per cent cold-rolled alloy is exceedingly 
notch-sensitive and too brittle to be a useful cryogenic 
structural material, but the 20 per cent cold-worked alloy 
possesses a very promising combination of properties. The 
data for these alloys are shown in Table XIII. For the 20 
per cent cold-rolled alloy, the tensile strength increases from 
about 160 ksi at 78 F to about 260 ksi at —423 F, while 
the yield strength goes from about 120 ksi between the same 
temperatures. Elongation remains at about 20 per cent at 
all temperatures. These properties are accompanied by a 
notched/unnotched tensile ratio which exceeds 0.9 at all 


Tensile 
yield 
strength, 
|ksi (0.2 per 
Direction (cent offset) 
Long, avg 
Long, avg 
Long, avg 


temperatures studied. Thus, this alloy is seen to combine 
fairly good strength with good toughness down to —423 F. 
In addition, this alloy retains the major part of its strength 
up to 1500 F, and a minor part up to 1800 F, as compared 
to 301 CRES, which begins to lose its strength rapidly above 
1000 F. 

The Haynes 25 alloy would find limited application in 
newer space vehicles at those locations which are normally 
exposed to cryogenic temperatures and which are also sub- 
jected to temperatures in excess of 1000 F due to aero- 
dynamic heating during takeoff. However, due to its unfavor- 
able strength/density ratio, other uses of this alloy should 
be minimized. 

e Hastelloy B. Like Haynes 25, this alloy is primarily a 
high-temperature material with good corrosion and oxida- 
tion resistance. It retains over two-thirds of its annealed 
room-temperature yield strength at 1600 F, and in oxidizing 
atmospheres may be used at temperatures up to 1400 F, 
which makes it especially attractive for limited space-vehicle 
applications where aerodynamic heating during takeoff and 
re-entry present high-temperature oxidation problems. For 
this study, the alloy was tested in the 40 per cent cold-rolled 
condition, which increased its annealed room-temperature 
yield- and tensile-strength values of 58 and 130 ksi to 177 
and 191 ksi, respectively. The data of Table XIV show that 
the alloy increases in yield and tensile strength to 240 and 
283 ksi, respectively, at —423 F, while elongation increases 
from 3 per cent at 78 F to 16 per cent at —423 F. Of major 
interest here is the trend of the notched/unnotched tensile 
ratio as a function of temperature. The ratio is seen to re- 
main close to 1.10 at all temperatures down to —423 F. 
This excellent toughness is associated with the high nickel 
content (60 per cent), which yields the desirable face- 
centered crystal structure at all temperatures. 

The favorable high-temperature properties of Hastelloy 
B are primarily due to the presence of 28 per cent molybde- 
num, which also contributes corrosion resistance. In addi- 
tion, this composition has favorable response to cold work, 
especially in yield strength, which is seen to increase almost 
threefold with 40 per cent cold work. However, molybdenum 
also causes an unfavorable density (0.334 lb/cu in.) com- 
pared to that of 301 stainless steel (0.29 lb/cu in.). 

This particular investigation shows that the nickel-base 
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® Sheet material, 0.008 in. thick; see Appendix A for composition. 
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© Heliare butt weld, roll planished, no doubler reinforcement. 
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“high-temperature” alloys also show promise for c yogenic 
application, and are not necessarily embrittled at }ow tem- 
perature by the presence of large amounts of solid-solution 
elements such as tungsten—as long as the face-centered 
crystal structure is retained. 


Heat-Treatable Stainless Steels 


e AM 355 Alloy. One of the highest-strength sheet-steel 
alloys available at the present time, AM 355 is finding a 
variety of room- and elevated-temperature applications where 
strength/density parameters are of primary importance. The 
alloy derives its high strength from a combination of plastic 
strain (i.e. cold rolling) and phase transformation of 
austenite to the higher-strength martensite. Tempering 
serves to improve the toughness of the martensite. As 
seen in Table XV, this alloy is extremely notch-sensitive 
under low-temperature testing; in fact, at —423 F, the 
specimens broke, making the calculation of the notched/ 
unnotched ratio impossible. Although other work in 300- 
series stainless steels has shown that structures containing 
some martensite of low carbon (< 0.08 per cent) content 
yield satisfactory notched/unnotched ratios, this study shows 
that higher carbon (0.121 per cent, in this case) fully 
martensitic structures are unsuited for cryogenic applica- 
tions. 

It is possible, however, that this alloy (and others of its 
class, such as AM 350) may have better low-temperature 
toughness (accompanied by lower tensile strength) if the 
heat treatment is such as to yield more austenite in the 
martensitic matrix. As previously noted, austenite possesses 
a face-centered-cubic structure known to be tough at low 
temperature; martensite has a _body-centered-tetragonal 
structure, known to be brittle. Tests of AM 350 and AM 
355 subjected to various heat treatments are in progress. 

e A 286 Alloy. This alloy was included for study as rep- 
resentative of age-hardenable, high-strength, heat-treatable 
stainless steels. Tests were made in the annealed and heat- 
treated conditions. One of the two heat treatments was the 
standard 1325 F, 16 hr, air cool; the second, the 1100 F, 
16 hr, air cool. (Both aging treatments were preceded by 
a solution anneal of 1800 F, 30 min, air cool.) The study 
shows that this alloy suffers from a low yield strength and 
a moderately low notched/unnotched tensile ratio at low 
temperature. Otherwise this alloy behaves much like a 
typical face-centered-cubic alloy. One significant fact was 
that the samples aged at 1325 F exhibited higher notched/ 
unnotched ratios than either the annealed or aged at 1100 
F samples. 


Solders 


Soldered joints have commonly been employed in many 
missile electrical systems, such as telemetering, guidance, 
and control units. Environmental conditions experienced 
throughout a missile’s life require that many of these soldered 
joints withstand temperatures from nearly —400 F to 
(possibly) as high as 300 to 500 F, as well as certain types 
of radiation and high-vacuum conditions. Choice of a fully 
reliable solder depends upon a soldered joint’s particular 
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service conditions; however, sufficient mechanical- and 
physical-property data on soft and intermediate solders were 
not available to make a fully reliable selection. Therefore, a 
comprehensive testing program whose purpose was to de- 
termine the mechanical properties of solders at room and 
subzero temperatures was undertaken. The following data 
are a result of this program: 


Ultimate Tensile Strengths of Soldered Joints* 


| —423 F 


—320 F 


+78 F 


13,600 psi®| 21,700 psi 
13,600 psi | 16,800 psi 
7,500 psi | 14,300 psi 


50Sn-50Pb, psi 

35Sn-65Pb soft solder, psi 

Indalloy #5 intermediate 
solder (25 per cent In 
with Sn and Pb), psi 


26,600 psi 
18,500 psi 
21,200 psi 


® Joints were prepared using %4 in. diam brass rod. 
» Average of three tests each. 


In addition to studies of tensile properties, work is in 
progress to determine the shear and impact values of parent 
solders and soldered joints as a function of temperature. 
Solders which will be tested include 60Sn-40Pb; 35Sn-65Pb; 
20Sn-80Pb; 1.5Ag-1Sn-97.5 Pb; Indalloy #1; and Indalloy 
#5. Corrosion and compatibility studies are also being made 
on a variety of soldered joints. 


Plastics, Thermal Insulation, and Other 
Non-Metallics 


e Structural Plastics Laminates. These materials are 
normally employed in space vehicles because of their in- 
herent advantages; i.e., high strength-to-weight ratio, high 
percentage of strength retention at intermediate temperatures 
(300-800 F), low thermal conductivity, good low-temperature 
mechanical properties, and good weatherability. Current in- 
vestigations are underway to determine tensile properties 
from room temperature down to liquid-hydrogen temperature. 
Tensile data of high-temperature phenolic-fiberglass lamin- 
ates conforming to MIL-R-9299 Type II Class I have been 
run at 78 F, --320 F and —423 F. Average values for 
ultimate tensile strength and modulus of elasticity in ten- 
sion were recorded as follows: 


Tensile Strengths of Phenolic-Fiberglass Laminates 


= 
eg F 


+ 78 
—320 
—423 


Tensile strength, 
psi, avg 


Tensile modulus, 


Additional tensile testing of plastics laminates utilizing 
fiberglass reinforcement and polyester, silicone, epoxy and 
Teflon fluorocarbon binders has been initiated. Low-tempera- 
ture testing of the MIL-R-9299 phenolic-fiberglass material 
in flexure, shear, compression and bearing has also been 
initiated. Most of the structural plastic parts in the Atlas 
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® Sheet material, cold-rolled 62 per cent, tempered 785 F for 3 min, 0.008 in. thick; see Appendix A for composition. 


»K:=6.3 


© Heliarc butt weld, roll planished, no doubler reinforcement. 


4 Fractured in clamps. 


and Centaur utilized a sandwich type of construction: i.e., 
a phenolic-fiberglass core with phenolic-fiberglass laminate 
faces. This has the added advantage of a high stiffness-to- 
weight ratio. In areas where insulation is required to avoid 
excessive boil-off of cryogenic propellants, plastics composites 
of phenolic-fiberglass laminate faces and polyurethane foam 
core are being employed. 

e Thermal Insulation. The requirement for low-density 
thermal insulation for space vehicles (including such insula- 
tion for electronic packages) has led to an investigation of 
available plastics foams. Mechanical- and physical-property 
tests have been made from room temperature down to —423 
F. In the past few years, thermal conductivity tests have 
been made at —100 to +300 F. These tests are being sup- 
plemented by additional studies at cryogenic temperatures. 
Thermal-conductivity values of plastic foams are being de- 
termined at —320 F, and a liquid-hydrogen thermal-con- 
ductivity apparatus is in the last stage of fabrication. There 
is also an active program on the determination of thermal- 
conductivity measurements for plastics laminates, plastics 
honeycomb, and composite structures from room tempera- 
ture to —423 F. Various other insulating systems (struc- 
tural and non-structural) have been investigated.* 

Some of the space-vehicle applications in which low-den- 
sity plastics foams are being utilized require the foam to 
carry some mechanical loads. Shear tests of these foams 
are being run from room temperature down to —423 F. 
Initial testing in this area indicates slight increases in ul- 
timate shear and shear modulus values at —320 F over the 
corresponding values obtained at room temperature. This 
program will also be extended to tensile, compression and 


* See Bibliography) ‘ . references to Convair-Astronautics reports. 
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flexural testing of foams from +78 to —423 F. The effect of 
long-time storage on the mechanical and physical properties 
of plastic foams is also being investigated. 

The possibility of utilizing Mylar in conjunction with 
fiberglass for thermal insulation has been investigated with 
satisfactory results. 

e Adhesives. The lap-shear, butt-tensile, impact, and peel 
properties of adhesives covering the range of +78 to —423 
F have been investigated. This program covers the follow- 
ing adherends: stainless steel, aluminum, titanium, phenolic 
laminates, and combinations of them. Initial testing with 
14-in. lap joints of 0.020-in. 301 CRES bonded with a modi- 
fied epoxy adhesive has resulted in low-temperature lap- 
shear values much higher at cryogenic temperatures than any 
reported by the National Bureau of Standards (WADC 
Technical Report 59-250). These values are listed as follows: 





Temperature, deg F Lap-shear strength, psi, avg 


+ 78 5810 
—100 7790 
—320 6020 
—423 6730 


Preliminary testing of polyurethane adhesives at —320 
and —423 F has been completed. Polyurethane adhe- 
sive has been used successfully in bonding polyurethane 
foam to itself, polyurethane foam to stainless steel, and 
phenolic-fiberglass laminate to itself. In all cases, the ad- 
hesive withstood the extreme low temperatures with no 
apparent embrittlement. When bonding polyurethane foam 
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to itself, the resulting bond was stronger than the polyure- 
thane foam. Polyester adhesives have also been evaluated 
for use in bonding Mylar film to itself and also to stainless 
steel. They have successfully withstood repeated cycling 
from 0 to 120,000 psi at —423 F. 

Silicon crystals and ceramic wafers were bonded to 
0.012-in. 7075Al aluminum alloy for evaluation in solar- 
pattery applications. Polyester, polyurethane and cyano- 
acrylate adhesives were investigated for this application by 
repeated cycling of the bonds from +78 to —320 F. Only 
the cyanoacrylate adhesive failed as a result of thermal 
shock. 

Epoxy, modified epoxy, polyurethane, polyester, and rub- 
ber-base adhesives were used in bonding polyurethane foam 
to 301 CRES. Cycling from +78 to —320 F resulted in 
failure of the epoxy, modified epoxy, and rubber-based ad- 
hesives as a result of thermal shock and embrittlement of 
the adhesive. Samples of phenolic-fiberglass laminates were 
bonded to themselves and to stainless steel utilizing epoxy, 
polyurethane and modified-epoxy adhesives. These bonds 
were cycled from +78 to —423 F with no failures as a 
result of subsequent manual impact and flexure. 

A sandwich panel consisting of aluminum honeycomb 
and phenolic-fiberglass faces bonded with a phenolic-epoxy, 
glass-supported adhesive was cycled for 10 hr between 

-420 and —320 F, and no trace of deterioration in the 
skin-to-honeycomb bond was found. The same sample was 
subjected to crushing and bending forces well beyond any 
service loads without failure. 

e Gasketing Materials. Plastics films and gasketing ma- 
terials have also been extensively investigated at —320 and 
—423 F. Of the many films tested for flexibility at cryogenic 
temperature. Mylar, Teflon and Penton halogenated-polymer 
film showed ihe best properties. 

Replacement of certain non-structural stainless-steel ele- 
ments in space vehicles with Mylar seems feasible. Mylar- 
film laminates have successfully withstood cycling from 
+78 to —320 F. 

A number of silicone-rubber and Teflon-cushioned clamps 
have been subjected to temperature cycling, mechanical flex- 
ing, and slight to moderately severe impact loading at +78 
F, —100 F, —320 F and —423 F. All of the rubber cushions 
failed in a glass-brittle fashion upon cycling, flexing, or 
impacting at both —320 and —423 F. All of these failed 
after four temperature cycles while in an unloaded condi- 
tion. It was found, however, that thick sections (0.50 in. or 
heavier) of silicone rubber were able to withstand tem- 
perature cycling and the combination of temperature cycling 
and impact at the cryogenic temperature. Teflon (0.020 in.) 
cushion clamps withstood the temperature cycling, but failed 
upon moderate impact loading at —320 F. Thicker Teflon 
sections (0.050-0.100) were able to withstand all the test 
conditions. 

e Electrical Insulation. Data on the physical behavior 
of such materials as casting resins, encapsulants and magnet 
wire under cryogenic conditions have been obtained in this 
program to a limited extent and have been reported in the 
first article of this series. Evaluation programs now under- 
way are expected to develop additional data on available 
materials and (as in the case of fluorocarbon materials) 
should also lead to the development of new compounds 
specially modified for cryogenic applications. (Such com- 
pounds, of course, may have uses other than for electrical 
insulation. ) ooo 
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New High-Performance Designs for 


A half century ago, C. P. Steinmetz in- 
dicated the theoretical possibilities of the 
hysteresis motor, but actual motor designs 
have, until recently, fallen far short of the 
capabilities of the principle. A logical and 
persistent development program has now 
produced a variety of small-motor basic 


designs employing the hysteresis principle. 


ANDREW BEKEY 

Staff Engineer and Consultant 
Gensco INCORPORATED 

Los Angeles, California 


THE TWO BASIC FORMS of synchronous motor which do 
not use d-c excitation are the reluctance and the hys- 
teresis motor, and these are preferred in fractional and 
sub-fractional motor sizes because they do not require 
slip rings, brushes or external power sources. An addi- 
tional objection to the d-c excited synchronous motor 
is that it has no inherent starting torque; it must be 
started as an induction motor and the d-c applied after 


the motor approaches synchronous speed. The question : 


of starting torque is one of the important aspects to be 
considered in comparing the merits of the various forms 
of small synchronous motor; starting and pulling into 
synchronism may be inherent in the operating principle, 
or it may require the inclusion of auxiliary design fea- 
tures—as, for instance, an induction motor cage or 
winding. 


The Reluctance Motor 


The reluctance motor is a simplified salient-pole syn- 
chronous motor without field windings. The synchronous 
torque is less than one-third that of the same motor with 
an externally excited field winding, but it is a simple and 
rugged device. The stator and rotor magnetic structures 
of the reluctance motor generally consist of high-silicon 
steel laminations. By means of grooves or cutouts on the 
periphery, the rotor is provided with saliencies equal in 
number to the poles of the stator. The salient-pole rotor 
tends to line up with the poles of the rotating field of 
the stator. This simple construction has many drawbacks 
and is used mostly in inexpensive motors. 

In order to produce strong saliency effects, very-high 
magnetic densities are required, resulting in large mag- 
netizing current and low power factor and efficiency. 
Compared to an induction motor of equivalent power 
output, a reluctance motor is large and costly. 

This form of synchronous motor accelerates as an 
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induction motor. To provide induction torque at speeds 
just under synchronism, the induction cage resistance 
must be low, which results in high stall current and low 
starting torque. The combination of low starting torque 
and the discontinuity of the rotor surface results in the 
characteristic “cogging” or “notching” behavior of the 
reluctance motor. At start and at low speeds the torque 
fluctuates, and high-inertia or friction loads cannot be 
accelerated by the motor. An additional consequence of 
the cogging action of the motor is current peaks, which 
may be ten times the motor rated current. A reluctance 
motor may be able to start and accelerate a given load, 
but may be unable to synchronize with it. Low moment 
of inertia is necessary for successful synchronism. The 
time required for the motor to pull into synchronism 
after it has reached its highest induction-motor speed 
must be less than the time for slipping one pole, or the 
rotor will oscillate between two slip speeds because a 
rotor saliency will pass from the forward influence of 
one stator pole to the retarding effect of the next pole 
before it can pull into step. The result is failure to 
synchronize. 


The Hysteresis Motor 


In its simplest form, the hysteresis motor has a con- 
ventional slotted and laminated stator with phase wind- 
ings and a homogeneous cast sleeve of hardened per- 
manent-magnet material comprising the active part of 
the rotor. The sleeve is secured to the shaft over a non- 
magnetic insert. The magnetized rotor tends to keep in 
step with the rotating poles of the stator field and to 
resist demagnetization. In contrast to performance of the 
reluctance motor, the hysteresis motor exhibits substan- 
tially constant torque from standstill to synchronous 
speed. Consequently, there is no tendency to cog at low 
speeds, and a load which can be started by a hysteresis 
motor will be smoothly accelerated into synchronism. 

In the simple form of hysteresis described above, the 
magnetic path through the rotor magnet material is rela- 
tively long (Fig. 1). For the magnet materials commonly 
used for hysteresis motors, the permeability is only 10 
to 50, which is only in the order of 1/100 that of ordinary 
silicon electrical steel used for laminations. For a given 
flux density, therefore, very high magnetomotive force 
and therefore magnetizing current are required. This re- 





sults in low power factor, high copper loss, and 
eficiency for this form of hysteresis motor. 

The torque, 7, of a hysteresis motor is: 
fVW, 


T = 22.6 a 11.3P VW, oz-in. 
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Fig. 2 — Hysteresis-loop energy as function of maximum density 
for common hysteresis alloys. 
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where 


W,, = area of hysteresis loop, joules/cu in./cycle 

V volume of rotor magnetic material, cu in. 

f frequency, cps 

synchronous speed, rpm 

P number of poles 

Figure 2 shows curves of W;, as a function of maximum 
cyclic-loop flux density, B,,, for a number of magnet ma- 
terials used for hysteresis motors, and Fig. 3 shows hys- 
teresis energy loss as a function of magnetizing force. 
From these curves it can be seen that the theoretical 
power output of hysteresis material is substantial. 

Some of the materials used for hysteresis rotors are 
available as sheet and permit laminated rotors, whereas 
others can only be cast and then ground to dimension. 
With a cast-rotor construction, an eddy-current torque 
is present at start in addition to the hysteresis torque, 
so that the starting current for cast-rotor motors is greater 
than that for laminated-rotor designs. During accelera- 
tion, the rotor is slipping with respect to the stator field 
and part of the torque proportional to slip is converted 
to heat. 

Because of the smooth cylindrical rotor of the simple 
hysteresis motor, there are no fixed positions for the 
poles as there are in the reluctance motor. Hysteresis 
motor poles can assume any position on the rotor circum- 
ference, and if the load exceeds the motor developed 
torque, the rotor slips smoothly as the pole location 
drifts. The lack of rotor pole saliencies is also the cause 
of a deficiency in damping. The loaded rotor assumes a 
torque angle lag behind the rotating field. If the load is 
removed, the rotor accelerates to overshoot the stator 
pole and is then retarded by generator action, developing 
a new load torque. Depending on motor dimensions and 
other factors, this hunting can damp out or persist. 

Figure 4 shows an average performance curve for a 
laminated hysteresis rotor. The starting torque is slightly 
higher than the pull-in torque, and the pull-out torque 
is about 10 per cent higher than the pull-in torque. 
Average power factor is 0.35; average efficiency in small 
sizes is 45 per cent. The pull-out torque and the current 
are not strictly constant. If the motor is allowed to 
synchronize without load, it will be strongly magnetized 
and will develop a higher pull-out torque than if it had 
been loaded to a larger torque angle while synchronizing 
and kept at this load until pull-out. 

Because of the simplicity of the construction and the 
reliability of operation, the hysteresis motor is well suited 
for many low-power applications, but in its simplest form 
the useful mechanical output is only a small fraction of 
the ideal output, which corresponds to the area of the 
hysteresis loop. 

Considerable improvement in performance is achieved 
by maintaining very exact concentricity between stator 
and rotor. Any point of the rotor surface, when rotating 
at synchronous speed, is supposed to experience a constant 
magnetomotive force produced by the stator. However, 
as a large part of this mmf is consumed in the airgap, 
the net mmf available for the rotor will depend on the 
size of the airgap. In case of eccentricity, a point on the 
rotor surface will experience a cyclically changing air- 
gap and, therefore, a variable magnetizing force. This 
results in the production of minor hysteresis loops, shown 
super-imposed on the major loop in Fig. 5. The minor 
loops represent heat produced in the rotor and detract 
from available mechanical power as drag on the rotor. 
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The minor hysteresis-loop is more severe because of the 
slots. Even if we assume a perfectly concentric stator, the 
flux is modulated by the presence of the teeth and slots. 
The drag because of the slot effect can be so large that, 
under adverse conditions, a large part of the motor torque 
is absorbed in these losses. 

The closed-slot design for the stator, proposed by 
Roters, eliminates most of the detrimental slot effect. The 
stator is made in two sections. The slots are wound from 
the outside like a d-c armature, and the bonded yoke 
section is pushed over the finished wound section which 
contains the teeth and slots. The slots remain closed 
towards the airgap and the flux can spread out over the 
connecting slot bridges, to the effect that the rotor is in 
a substantially uniform magnetic field. Although there 
is some loss of mmf in the stator bridges, which are 
operated at somewhat less than saturation density, there 
is a net gain because the airgap can be reduced to a 
mechanically practical low limit. 

The losses in an open-slot stator can also be reduced 
by using a relatively long airgap to achieve a more 
homogeneous field. However, the longer airgap requires 
more magnetizing current and reduces power factor and 
efficiency, so that even the best compromise cannot equal 
the results of a closed slot. 

Effort to reduce losses in hysteresis motors must in- 
clude analysis of the number of slots, the effect of har- 
monics, and the width of slot openings if open slots are 
used. It has been found that, by using many slots of small 
opening and a winding producing an mmf wave prac- 
tically free of harmonics, motors with 65 to 75 per cent 
efficiency can be produced. At the same time, analytical 
and experimental investigations reveal that for a given 
torque at a given magnetic density and with a particular 
rotor material, a certain rotor volume is needed. If this 
volume is obtained through increase of the rotor diameter, 
the magnetic path through the rotor increases with the 
diameter, but it remains constant if the larger volume 
is produced by increasing the axial length. Doubling 
the length also doubles the magnet volume and torque 
for the same magnetizing force. 

It is clear that these methods and other advances in 
design could at best produce only a hysteresis motor with 
better utilization of the theoretical output given by the 
area of the hysteresis loop. The requirements for the 
ideal synchronous motor are (besides good efficiency and 
power factor) high starting torque combined with the 
possibility of critical damping. These characteristics are 
not inherent in the hysteresis synchronous motor. 

The Unimag Motor. The design purpose in the 
Unimag form of hysteresis motor is to obtain uniform 
magnetic flux density in the rotor at the optimum oper- 
ating point of the rotor magnetic material. 

As in an induction motor, the stator of a hysteresis 
motor is designed to have a sinusoidal mmf distribu- 
tion in the airgap. If the rotor magnet is of uniform 
cross section (as it will be if it is the conventional 
cylinder), the rotor flux distribution will also be sinu- 
soidal so that each domain in the magnet will operate at 
a different magnetic density. In a hysteresis motor, the 
torque per unit volume of the magnet material is a func- 
tion of the magnetic operating density. The potential out- 
put of the hysteresis magnet material is proportional to 
the area of the hysteresis loop.* A family of hysteresis 


* If the hysteresis curve coordinate units are gauss and oersteds, energy output in 
ergs = (gauss) (oersteds) /87. 
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Fig. 6 — Hysteresis loops for 17 per cent cobalt alloy, Simonds 
Steel Co. No. 81 material. 


Fig. 7 — Hysteresis loops for 314 per cent chrome steel, Simonds 
Steel Co. No. 73 material. 
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Fig. 8 — Comparison of conventional hysteresis and “Supersyn” rotor shapes. The customary simple cylindrical form is shown for 
a two-pole motor (a) and 12-pole (b). The four-pole “Supersyn” shape is (c), and (d) is the new rotor shape usable for any 


number of poles. 


loopst for “17 per cent cobalt alloy,” a material commonly 
used in hysteresis rotors, is shown in Fig. 6. These curves 
show that, for decreasing B,,,x, the area of the loop 
shrinks faster than the corresponding H—that is, the 
required magnetizing force. This relationship between 
B and H is also shown in Fig. 7 for No. 73 material by 
Simonds. Reduction of the density from 10 to 5 kilogauss 
results in a loop of one quarter the area, while the mag- 
netizing force is reduced to only three quarters of its 
original value. 

These curves express the requirement that, for best 
utilization, the hysteresis material should work at uniform 
and optimum magnetic density. A higher level of mag- 
netization demands excessive magnetizing current, while 
at a level lower than optimum, the output is reduced 
faster than the magnetizing current. A rotor with uniform 
density will use less material per unit torque output and 
will give more torque for the same magnetizing current 
than a non-uniform density (conventional) rotor. 


T Published by the Simonds Steel Co., Lockport, N.Y. 
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Fig. 9— Comparison of rotor useful volume, conventional 
hysteresis (a) and “Supersyn” (b). 


88 


In order to achieve uniform magnetic density in a 
rotor where the density in the airgap is sinusoidal, the 
cross section must vary according to the complementary 
function—in this case, the cosine function. Motors having 
rotors as described in the foregoing have shown per- 
formance improved in many ways over that of the con- 
ventional motor. Compared to a conventional rotor in 
the same stator, the Unimag design produces a torque 
20 per cent higher, exciting current is 15 per cent less, 
and efficiency, power factor and pull-out torque are all 
increased substantially. Limitations of the Unimag de- 
sign are that it is restricted to motors with few poles and 
the rotor’s internal contour requires special tooling. 

Successful experiments for increasing the pull-out 
torque of hysteresis motors by the use of rotor saliencies 
has led to the general use of reluctance effects. In the 
simplest case, as many flats are ground on the rotor 
surface as there are poles in the stator winding. In other 
instances, carefully laid-out curves are used to determine 
the best form of deviation from the circular periphery 
of the rotor. These combinations of reluctance and hys- 
teresis motors can duplicate the pull-out performance 
of the reluctance motor without sacrificing the advantages 
of the straight hysteresis motors—that is, smooth starting 
and synchronization—without the loss of power under 
synchronous speed which is characteristic of the reluct- 
ance motor. 

To provide higher starting torque, a combination of 
the hysteresis and induction motor is used. The stamp- 
ings are of hysteresis lamination material, with the addi- 
tion of slots for a cage. By applying induction-motor 
design technique, it is possible to obtain any desired 
acceleration characteristics. To the constant torque of 
the hysteresis material, the variable induction motor 
torque can be added. Near synchronism, the induction- 
motor torque diminishes and the motor synchronizes 
as a hysteresis motor. An added gain is found in the 
damping action of the cage after synchronization. A 
further improvement combines the hysteresis induction 
motor with saliency cutouts for increasing the pull-out 
torque. To maintain a uniform airgap of minimal length, 
with many poles and low power factor, the saliency is 
produced on the inside of the rotor. 

The Supersyn Motor. The conventional hysteresis 
rotor, consisting of a sleeve or hollow cylinder, leaves 
a large part of the space in the rotor unused. As torque 
depends directly on the volume of active hysteresis ma- 
terial, it is desirable to fill as much as possible of the 
available rotor space with active material. On the other 
hand, the rotor material must be kept at an average den- 
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sity for a desired hysteresis-loop area. The density in the 
rotor yoke can be expressed as a function of the flux 
density in the airgap: 


_ DB, 


magnetic density in the airgap 
magnetic density in the rotor 

rotor diameter at the gap 

number of stator winding poles 
radial thickness of the rotor cylinder 


“udu d 


Accordingly, in a rotor of a given diameter, once the 
desired magnetic density is established and the number 
of poles is stated, there can be only one depth for the 
cylinder. The useful depth of the rotor will be inversely 
proportional to the number of poles. If we use the same 
stator and wind it successively 2, 4, 8 and 16 poles, then 
the radial depth will be Y for the 2-pole motor, Y/2 for 
the 4-pole motor, Y/4 for the 8-pole motor, and Y/8 
for the 16-pole motor. The result is a corresponding re- 
duction in rotor volume and rotor torque. 

It is true that, according to the original torque equa- 
tion given earlier, the torque increases in direct ratio 
to the number of poles, but as the useful volume is 
decreasing in the inverse ratio, the result is only con- 
stant torque. Naturally, an increase in the number of 
poles also means reduced speed and therefore the product 
of constant torque and reduced speed will be decreased 
power output. It is also clear that if the volume of the 


20 -— 





+ 





c 


Supersyn 








Torque, oz-in 
Torque , 0z-in 


—_—_—__—_ ———I 


Hysteresis 











0 


ples 
1.0 
Line current, amp 


wrt os 


hysteresis material can be kept constant regardless of 
the number of poles, the torque will increase with the 
number of poles and the power output given by the 
product of decreasing speed and increasing torque will 
be constant. It is evident that if the space in the rotor 
can be filled with more hysteresis material, then a 
smaller-diameter motor can be used for a required active 
rotor volume, and consequently the stator size can also 
be reduced. 

If, instead of arranging the active rotor material in 
the form of a cylinder, it is divided in the form of radial 
members or spokes similar to the teeth of the stator 
stamping, the density in the spokes will not be de- 
pendent on the number of poles. 

Similar to the expression for the density in the yoke 
is the expression for the teeth: 


B, 
B, 
t 


s 


magnetic density in the teeth or spokes 
magnetic density in the airgap 

the circumferential width of the teeth 
the number of teeth 


This expression shows that the number of poles is not 
involved in the rotor density and the same rotor can be 
used for practically any number of poles, resulting in 
the same density. A new hysteresis rotor in which most 
of the active material is arranged in radial members 
has been introduced by the author in a motor design 
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Fig. 10— Comparison of “Supersyn” and conventional hysteresis-motor performance. 
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Peak energy product, 
BiHi,max X 10° 
Residual induction, B,, kilogauss 
Coercive force, H., oersteds 
Permeance coefficient, 
B/H at BaHa max 
Induction, Bg at BaHi, max, kilo- 
gauss 
Mmf per unit length, Hz at 
BaHi, max, oersteds 45. 103.0 
Incremental] permeability, B/H 37. 13.0 
Peak magnetizing force, oersteds 300. 1000 
Electrical resistivity, microhm-cm, 
at 25C 29 23 
Tensile strength, Ib/sq in. 300,000; 300,000 
Weight, Ib/cu in. 0.281 0.302 
Hardness, Rockwell C 60-65 60-65 
Approximate annealing temper- 
ature, deg F 250 300 300 
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called Supersyn. The principle of the Supersyn rotor is 
shown in Fig. 8. For the same rotor diameter, rotor 
shapes are indicated for a conventional 2-pole hysteresis 
motor, a conventional 12-pole unit, and Supersyn lamina- 
tions for 4 poles and for any number of poles. 

Compared to the hysteresis motor, which requires 
non-magnetic material between yoke and shaft, the Super- 
syn rotor can be pressed directly to the steel shaft, be- 
cause the return path near the shaft is mostly for me- 
chanical strength. The design can use a variation of the 
number and width of the spokes, to the effect that the 
cutout area is changed and the active rotor volume varied. 
Figure 9 shows, in curve A, the decrease of the useful 
rotor volume for a conventional motor of a given rotor 
diameter when the number of poles is increased. Curve 
B shows the almost constant volume for a Supersyn 
motor, and curve C the ratio of useful volume between 
conventional and Supersyn motors. Accordingly, at 24 
poles, the Supersyn has ten times more useful volume 
than a hysteresis motor. 

The most important applications for Supersyn motors 
are cases in which an extremely large output is required 
from a small motor. Some Supersyn motors have been 
combined with single- or double-induction cages for im- 
proved starting. It must be noted that the Supersyn motor 
has a reduced efficiency, because the magnetic path in the 
rotor is longer and requires more magnetizing current, 
while, at the same time, the stator is too small to handle 
the developed power. Used judiciously, the Supersyn 
motor can result in important savings, using only one 
stamping for a wide range of speeds. 

The conventional hysteresis motor may be two to three 
times the size of an equivalent power induction motor, 
but a Supersyn may be smaller than the corresponding 
induction moter. The limitation of output is temperature 
rise. Supersyn and conventional hysteresis-motor char- 
acteristics are compared in Fig. 10. At synchronous speed, 
the power factor is low and the efficiency needs improve- 
ment. The use of reluctance to increase pull-out torque 
and damping is penalized by lower power factor and 
efficiency. All the bewildering array of combinations be- 
tween hysteresis, reluctance and induction motors, and 
all the special shapes used for closed stator slots or rotor 
configuration, cannot change the fact that a rotor made 
of hard magnetic material requires a high mmf, which 
must result in high magnetizing current, low power 
factor, high copper loss in the stator, and impaired 
efficiency. At the same time, it is also clear that the 
smooth and continuous torque of the hysteresis motor, 
pulling the load with a steady acceleration into synchron- 
ism, cannot be excelled by any other known method, and 
that the ideal self-excited synchronous motor must use 
hysteresis effects. 

Another approach for improving the characteristics of 
hysteresis synchronous motors is the study of permanent- 
magnet materials used for hysteresis effects. The data for 
commonly used materials for hysteresis rotors are shown 
in Table I. A new material, “P-6,” made by General Elec- 
tric, was introduced in 1958. Figure 11 shows the super- 
imposed relationship between existing ampere-turns per 
inch and loop area in joules per cubic inch per cycle. 
It can be seen that, in economy of magnetizing force, 
the material P-6 is superior to the other alloys. However, 
it must be considered that the curves for magnetizing 
force must be correlated with those showing flux density. 

Evaluation of many designs has shown that the steep 
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curve of P-6 has the advantage that, even at only 50 
per cent utilization of ideal output, only about 180 amp- 
turns/in. are used for loop area = 0.16 joule/cu 
in./cycle at 75,000 lines/sq in., while the most popular 
alloy (17 per cent cobalt), working at 50 per cent 
efficiency and 60,000 lines/sq in., needs 380 amp-turns/- 
in. for the hysteresis part of the magnetic circuit for 
the same output. Only extreme care in the heat treating, 
concentricity resulting in less than 10 per cent change 
in the airgap length, closed-slot construction and develop- 
mental effort can result in better than 60 per cent utiliza- 
tion of any of the hysteresis materials. The use of a per- 
manent-magnet material having low permeability implies 
high magnetizing force by definition, and results in 
impaired efficiency. Roters called attention to the possi- 
bility of using alnico magnets as thin rings over a mild- 
steel salient-pole structure as shown in Fig. 12. At syn- 
chronous speed—with the mild-steel structure lined up 
under the pole center—this motor has very good per- 
formance, but in acceleration—when the magnetic path 
is mostly circumferential—the torque and the excitation 
vary between wide limits and the magnetizing current is 
(even at the smallest mechanically practical thinness of 
the alnico ring) higher than for 17 per cent cobalt. 

The hysteresis motor includes a permanent magnet 
material, but it is actually not used as a permanent 
magnet. Conventionally, all permanent magnets are 
saturated and, after the magnetizing force is removed, 
they retain a part of the domain orientation as remanence. 
In the hysteresis motor, on the other hand, the magnetic 
material is not saturated because of the excessive mmf 
required. It operates at the level established and main- 
tained by actual motor mmf, which the stator produces. 
If the magnet could operate with a remanence, most of 
the magnetizing current could be saved at synchronous 
operation. “Premagnetized hysteresis motors” are based 
on this consideration. 

Figure 13 shows a performance curve for such a 
motor. A 110-volt motor, after reaching synchronism, is 
for an instant connected to a 200-volt line. The improve- 
ment is startling: the no-load current is reduced to a 
fraction and the power factor improved. However, if the 
load is increased to pull-out, the a-c flux completely 
wipes out the remanence because of the low coercive 
force of the materials used for the rotor. Other materials 
(such as 36 per cent cobalt) were tried with better re- 
sults, but about 2000 ampere-turns are required to 
saturate this material, and the current inrush in most 
cases is not acceptable. Nevertheless, the operation of 
these pre-magnetized motors at reduced voltage is very 
good because the magnet, instead of requiring magne- 
tizing force, can supply it for most of the circuit. Over- 
magnetized motors are not popular because of the high 
starting current, the switching required for overmagne- 


tization, and—mostly—because there is no insurance 
against the consequences of a sudden overload. The 
motor then falls out of synchronism and, without means 
for detecting the slip and re-connecting for starting, will 
not regain synchronous operation. 

The Hyspersyn Motor. The logical consequence of 
the efforts to devise a better hysteresis motor is the use 
of a saturated alnico magnet, which has a very high 
coercive force and enough mmf to permit the stator 
winding to draw only in-phase current. This motor, under 
the name of Hyspersyn (an abbreviation for hysteresis 
permanent-magnet synchronous) has found wide accept- 
ance. It is built in sizes from 2 in. to 16 in. diam, from 
five oz-in. to 25 lb-ft torque, and from 2 to 120 poles. 

In the Hyspersyn motor, the alnico magnet is used 
exclusively to supply mmf and to increase the pull-out 
torque. The hysteresis rotor provides acceleration and 
part of the synchronous torque, while an induction cage 
permits the shaping of the speed-torque characteristic 
for acceleration. It has been found that the main sources 
of low efficiency of conventional hysteresis motors can 
easily be eliminated using the Hyspersyn design. The 
eccentricity in the airgap and the slot effect resulting in 
minor loops are minimized because a change in the air- 
gap does not result in a corresponding change of magne- 
tizing current drawn by the stator, nor a change in the 
level of magnetization of the rotor; the alnico magnet 
pressed tight into the hysteresis rotor keeps it fully mag- 
netized, and the areas of the minor loops do not appear 
as a drag on the rotor, but are supplied by the alnico 
magnet. In cases where extreme accuracy of speed is 
required, Hyspersyn motors are built with closed stator 
slots, closed rotor slots, and a mild steel layer on the 
outer periphery of the rotor. This construction is also 
used in other hysteresis motors. It is known that a longer 
airgap permits the tufts of flux emanating from the stator 
to smooth out, but the longer airgap results in higher 
magnetizing current. A more efficient application of a 
mild-steel rotor surface is achieved by using the me- 
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Fig. 13 — Performance of a 
“premagnetized” hysteresis 
motor. (Compare with Fig. 
4.) 
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Fig. 14— Cross- sections of 
the “Hyspersyn” rotor, show- 
ing the interrupted and the 
full laminations, and the 
salient-pole alnico core. 
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chanically smallest practical airgap and annealing the 
surface of the hysteresis rotor to the required depth. The 
resulting soft-iron layer requires less mmf than the same 
distance in air, and at the same time acts to disperse the 
tufts of the flux. Another method uses a reduced rotor 
diameter on which a mild-steel layer is deposited by 
electrolytic or spray processes. It is necessary to inter- 
rupt this layer in at least as many places as there are 
poles to prevent a circumferential path for the flux in 
the high permeability layer. 

Figure 14 shows the internal construction of the 
Hyspersyn motor; the stator is the same as for an induc- 
tion or hysteresis motor. The rotor consists of an ap- 
propriate hysteresis material as laminations, and contains 
the induction-motor cage. An alnico magnet is pressed 
into the ring of rotor laminations, which are bonded 
together. The magnet is saturated in advance and trans- 
ferred from the magnetizing fixture to a keeper from 
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Fig. 16— Comparison of “Hyspersyn” and conventional hyste- 
resis-motor performance. 


Table 1!— Comparison of Performance of 
“Hyspersyn” and Conventional Hysteresis Rotors 
in a Two-Phase, 400-cycle Six-Pole Stator 
Hysteresis | Hyspersyn 
Stall torque, oz-in. 56 
Pull-in torque, oz-in. 32 
Pull-out torque, oz-in. 56 
Motor input at pull-out, watts 380 
Shaft output at pull-out, watts 336 
Total losses at pull-out, watts 44 
Efficiency, per cent ‘ 88.5 
Power factor, per cent 61 


which it is pressed in the rotor without opening the 
magnetic circuit, to avoid demagnetization. 

The rotor yoke—that is, the back iron under the slots— 
is very shallow so that the a-c flux in this region is raised 
in the starting condition to about 100,000 lines/sq in., 
but not so high that it can penetrate into the permanent 
magnet. 

To prevent the shunting of the alnico magnet by the 
rotor yoke, a part of the lamination is cut to as many 
segments as there are poles, so that only a few laminations 
form bridges from pole to pole. In view of the low per- 
meability of the hysteresis material, every second or third 
lamination is usually left intact. The resultant magnetic 
bridge is near saturation for the alnico flux, but the short 
airgaps between the split stampings do not prevent the 
a-c flux from circulating through the rotor at motor start. 

At motor start, most of the permanent-magnet flux is 
shunted through the hysteresis yoke, while the a-c flux 
produced by the stator takes the regular path through 
teeth and back iron as in an induction motor, Fig. 15. 
While accelerating, the hysteresis torque produced by 
the material in the teeth and yoke is assisted by the cage 
torque. The induction-motor torque near synchronous 
speed diminishes, but the hysteresis torque remains cons- 
tant and accelerates the rotor into synchronous speed. 
Due to the leakage flux of the magnet, the rotor can 
synchronize only in one position per pair of poles—that 
is, when a north pole of the stator is lined up with the 
south pole of the alnico magnet. This condition is shown 
in Fig. 15(b). Here the mmf of the magnet and that of 
the stator are in the same direction. The magnet rotating 
synchronously with the stator mmf experiences a d-c flux 
passing through the airgap and the rotor; the two fluxes 
combine and pass through the magnet as shown. There 
will be only a small leakage through the shunt because 
the stator mmf opposes the leakage flux as indicated by 
the arrows. 

The rotor poles are localized by the magnet poles and 
the interpolar cuts in the rotor steel, giving effects similar 
to those of mechanical saliencies. When extremely stiff 
operation is required, regular reluctance grooves can be 
milled or stamped in the interpolar spaces to increase the 
effects of saliency. 

Average-performance curves of a self-excited syn- 
chronous motor using two different rotors (conventional 
hysteresis and a Hyspersyn rotor) are shown in Fig. 16. 
Compared to the peculiar sluggish acceleration of the 
conventional hysteresis motor, the Hyspersyn is as 
vigorous as any induction motor. A 6-pole, 60-cps motor 
normally reaches synchronous speed within the first revo- 
lution—that is, it can synchronize its own inertia in 1/20 
of a second. It can be seen that the starting performance 
can be controlled through wide limits by changes in the 
cage resistance. The comparison of performance is shown 
in Table II. Both motors use the same 2-phase, 400-cps, 
6-pole stator, but the output produced by the Hyspersyn 
rotor is 314 times higher than that of the hysteresis rotor, 
with only 24 of the total losses. The performance is 
superior not only in efficiency and output for a given 
motor size, but also in its control of hunting, which can- 
not be eliminated from a smooth-rotor hysteresis motor. 
Another important feature is the fixed angular relation- 
ship of the pole center on the rotor surface to the shaft. 
A 2-pole motor can synchronize in only one position; 
several motors running from the same power source will 
be synchronized in shaft pos**ion. ooo 
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ANALYTIC FUNCTIONS 
OF A COMPLEX VARIABLE 


NORMAN P. SALZ, Principal Engineer 
CoRNELL AERONAUTICAL LABORATORY 


Buffalo, 


Editor’s Note: The process of transforming a function from 
the time domain to the frequency domain is well known to 
network engineers. A great deal of simplification is af- 
forded the analysis of linear systems—mechanical or elec- 
trical—through the employment of the Laplace transform 
F(s), where s is a complex variable. For example, the zeros 
(roots) and poles (singularities) of a transfer impedance 
function, generally a function of a complex variable, are 
plotted in the complex plane and give great insight into 
the nature of the function itself. Thus, the network’s be- 
havior when subjected to various types of excitation may 
be predicted. Complex-variable theory is the basis for 
transform theory. 

The mathematics of complex numbers, as an introduction 
to functions of a complex variable, lays the groundwork 
for the more sophisticated branches of mathematics which 
follow, and is worth the attention of every reader in- 
volved in any phase of electronic design. 

The theory of analytic functions of a complex variable 
is among the most fertile and beautiful of mathematical 
creations. Its unfolding has affected the whole world of 
mathematics and numerous branches of physics and en- 
gineering. Function theory, as it is often referred to, has 
its roots in potential theory and hydrodynamics, It is a 
veritable mine of effective tools for the solution of im- 
portant problems in heat conduction, elasticity and the flow 
of electricity in two dimensions; it is the basis of antenna 
and servomechanism design, feedback theory, and the 
theories of automatic controls and transients. 

The roots of all algebraic equations can be expressed 
as complex numbers, since a real number can be regarded 
as a particular class of complex numbers that has an 
identical imaginary part. A determination of the zeros 
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and infinities (i.e., when f = 0 and when 1/f = 0, re- 
spectively) of f(z) in the complex plane reveals the nature 
and the behavior of f(z) for all values of z, the real in- 
cluded. Furthermore, many integrals of f(z) over real 
values of z can be considerably simplified by integrating 
along some elementary path for z in the complex plane. 

The study of complex functions leads to an insight into 
the general properties of functions. For example, a func- 
tion may possess various types of singularities related to 
physical singularities, such as those caused by point sources 
of energy. It is possible, simply from knowing the singu- 
larities of a function, to specify a function completely. Thus, 
for example, in problems related to electric fields, the size 
and distribution of the electric charges determine the 
electric field and the potential at every point in the region. 

Ultimately, the study of complex functions leads to the 
harmonic functions and the Laplace equation, from which 
solutions can be generated to form the basis for an orthog- 
onal coordinate system. Solutions to Laplace’s equation as 
applied to electric-field problems generate the mapping 
of equipotential lines and normal lines, which together 
may form coordinate systems appropriate to the geometry 
of the problem under consideration. 

In dealing with physical problems, it is therefore quite 
in order to consider the solution of an equation as com- 
plex and to deal with it as a complex number up to 
the point at which the final answer is to be compared with 
a measured value, and only then to consider the real or 
the imaginary part of the solution as corresponding to the 
actual physical problem. 

Readers will recognize the name of author Norman P. 
Salz from his article on “Number—the Language of En- 
gineering,” presented in our October 1960 issue. —R.K. 





Analytic Functions of a Complex Variable 


NORMAN P. SALZ, Principal Engineer 
CORNELL AERONAUTICAL LABORATORY 
Buffalo, New York 


WE BEGIN by defining the fundamental quantity i as a result 
of the solution to the quadratic equation 


az? +br+c=0 


This equation is complex if the discriminant b? — 4ac is 
negative. Thus, for example, the equation 


r?—2r+2=0 


has no real roots, but is satisfied by 
“1.2 = 1 + V¥-—] =] = 


where i denotes \/—1, since 


qd +1? —20 =i) +2 = 


GQ +=2i+?)-2+21+2= 


which clearly holds, since i? = —1. 

Gauss showed that every algebraic equation with real 
coefficients has complex roots. 

A complex number may be defined as an ordered pair of 
real numbers which satisfy certain operations. Hence, in the 
expression 


z=r+ty (1) 


x and y are real numbers and z is a complex number; x is 
commonly called the real part of z, and is denoted as 
x = R(z), while y is called the imaginary part of z and is 
denoted as y = /(z). The real unit is one and the imaginary 
unit is i. A more general number is readily seen by setting 
the imaginary part of z equal to zero. A real number may 
clearly be regarded, then, as a particular class of a complex 
number which has a zero imaginary part. 

A graphic representation of complex numbers is pro- 
vided by the Argand diagram (see Fig. 1) wherein with 
each complex number z = x + iy there is associated the 
point (x,y) in the plane of cartesian coordinates. The 
quantity z is made an independent variable by allowing 
independent variation in both x and y, and complex func- 
tions w = f(z) are investigated. This more generalized 
concept of function makes any w = u(x,y) + iv(x,y) a 
function of z = x + iy, provided that the functions u and 
v have values defined for every pair x and y. The theory of 
these complex functions is identical in every respect to the 
study of ordered pairs of real functions (u,v). 

If this were the end of the road, the body of results 
associated with the theory of functions of a complex var- 
iable would not exist. The limitations of existing theory 
focused attention on a particular class of complex functions 
called analytic. A function is defined as analytic throughout 
a region in a plane if its derivative exists at every point in 
the region. This class of analytic functions possesses many 
useful properties not shared by complex functions in 
general. To name a few: 


1. The values of an analytic function are determined at 
every point of its region of definition if the values of the 
function and all its derivatives are known at a single point. 

2. If we assume the existence of only the first derivative, 
it is shown that all higher-ordered derivatives exist. 
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3. The one (and only one) function that is analytic through- 
out a region including its boundary is equal to a given con- 
tinuous function along the boundary. 


An example of the usefulness of the theory is given in 
connection with a problem that appears baffling without it. 
Consider the series expansion 


1 


—_ =] —7?+ 274 — 27+ --- 
1+ 2° 


which converges for —1 < x < 1. For values of x outside 
the interval, the series diverges. Yet, the right-hand 
member is continuous for every value of x. Can this be 
explained? Replacing the real variable x with the complex 
variable z permits us to draw results from the theory of 
analytic functions. It is shown that any analytic function 
can be represented by 


f(z) = ao + ayz + avez? + --- 


a power series, which converges at every point within, and 

diverges at every point without, a circle centered at the 

origin whose radius extends to the closest point at which 

the function f(z) is singular or does not have a derivative. 
The function 1 


pn L + 2 


becomes infinite for z,. = +i. These points are the 
only singular points for the function. Hence, the series 
1 — z? + z* — z® + + + + must converge for ali points 
within a circle whose radius is unity, and diverge for all 
points outside. It can be seen that when the real part of z, 
or x, is greater than 1, the complex series diverges. Hence, 
the convergence of a series in the real variable x may be 
determined by the theory of analytic functions of a complex 
variable. 

With the acceptance of the complex variable, many 
results were obtained in mathematical fields in which pre- 
vious study had been restricted to real functions. More sat- 
isfying proofs were offered and a groundwork for further 
progress was established. Thus, the advancements of the 
theory of differential equations and the evaluation of some 
previously impossible definite integrals were furthered. 
Complex variables shed light on the theory of eliptic func- 
tions and clarify inherently difficult algebraic functions and 
their integrals in general. Some of the more abstruse proofs 
in the theory of numbers depend in part on the results 
obtained from complex-variable theory. 

Concerning the practical application of the theory, the 
flow of electricity and heat conduction in two dimensions 
is investigated through the medium of analytic functions. 
Upon this theory are supported, in turn, the theories of 
feedback (for instance, in servomechanisms), transients 
and automatic control. For pure and applied mathema- 
ticians, physical scientists, research and design engineers, 
a knowledge of the theory of analytic functions of a 
complex variable has become a necessity. 

[Three great mathematicians of the past who have made 
indispensable contributions to the development of the 
theory are Cauchy (1789-1857), Riemann (1826-1866) 
and Weierstrass (1815-1897).] 
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Operations 


Let 


=1+ iy 
and 


Zz = Io + lye 


Addition: The sum of two complex numbers (see Fig. 2) 
is a complex number whose real part is the sum of the real 
parts and whose imaginary part is the sum of the imaginary 
parts. 


Thus, 
Zi + 2 = 23 = (x1 + 22) + Uy + 2) 


Subtraction: The difference of two complex numbers is 
a complex number whose real part is the difference of the 
real parts and whose imaginary part is the difference of the 
imaginary parts. 


2, — 22 = (a — 22) + iy: — ye) 


Multiplication: The product of two complex numbers is 
a complex number whose real part is the product of the 
real parts diminished by the product of the imaginary parts, 
and whose imaginary part is the sum of the real part of 
the first times the imaginary part of the second and the 
imaginary part of the first times the real part of the second. 


2122 = (71 + tyi)(2o + tye) 
= 222 + Urye + yi22) T 
= (mir. — yr¥2) + Unie + y¥1%2) 


iyiye 


Division: Division of a complex number by another 
complex number will result in a third complex number. In 
order to present the quotient in terms of a real and an 
imaginary part, the denominator must be made real. This 
is done by multiplying both the dividend and the divisor 
by the complex conjugate of the divisor. Thus, 


21 Zo Zi + ty; Te 


— lye 


Zz «Ie + ye 22 — lye 


M22 + ¥y2 , - Cite — Tye) 
fe + YL re + yo" 


Algebraic Laws 


Since the commutative and associative laws of addition 
hold for real numbers, they apply equally well to complex 
numbers as a direct consequence of the definition of addi- 
tion. Hence the following are realized: 

Commutative law of addition: 


24’ Z2 = 22 + 2 


Associative law of addition: 
2. + (22 + 23) = (1 + mm) + 23 


Commutative law of multiplication: 


96% we Ze? 
2122 = 222) 


Proof: 
i. 2122 = (21 + iyi)(ze + ty2) 

= (x22 — yiy2) + Uary2 + r2y1) 
2. Zot, = (22 + ty2)(a1 + ty) 

= (x2%1 — yoy) + (rey + T1y2) 


3. Since z and y are real, and the commutative law of multi- 
plication is valid for real numbers, steps 1 and 2 are identically 
equal, and the law is extended to complex numbers. 
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Numbers 


Associative law of multiplication: 
21(2Z223) = (222)23 


Proof: 


ozs = (ters — y2¥s) + U(r2ys + Yo2s) =r2+ ly 
(2273) = (mz — yy) + (ny + yz) 
. 222 = (tite — yiy2) + (ai: + ite) = u + Ww 
. (n22)23 = (uxs — vy3) + (uys + vzs) 


5. If (a) uz; — vy; = mz — yy and (b) uys + vz3 = NY + Viz 
hold, then the law is proved. 
6. Step 5(a) may be written as 
(mit. — yi¥2)zs - (r1y2 + Yite)y¥s = ri(rzs, — yes) o- 
yilroys + Yors) 


and step 5(b) may be written as 


- Ti(r2y3 + Vos) + 


(xiz2 — Yiy2)¥s + (riy2 + Yit2)zs 
yi€rers said yeys) 


Since the associative and commutative laws are valid for 
real numbers, it is clear from comparing the results of 
steps 6(a) and 6(b) term by term that they are valid and 
that the law is extended to complex numbers. 


Distributive law of multiplication: 


21(22 +23) =2z 
Proof: 


. Za +23 = (22 + 23) + iG2 + ¥3) = 2+ ly 
. 1(z2 + 23) = (a + iy: )(@ + ty) = (iz — ny) + (iz + ny) 
. 222 = (xizte — yiy2) + i(yize + T1y2) 
. 123 = (miz3 — yi¥s) + Wits + T1ys) 
D. 222 + 2123 
= (422 + 123 — bs i Vi¥s) + i(yire + ¥it3 + Tiy2 + T1yYs) 
= [xi(r2 + 23) — yilye2 + ¥s)] + tlyi(ze + 23) — riCy2 + ¥s)] 
= (mr — yy) + (nr — ny) 
6. Comparing steps 2 and 5, it is clear that the law is extended 
to complex numbers. 


Geometry 


The geometric representation of a complex number can 
be established by setting up a right-hand cartesian coordi- 
nate system in a plane P. A point-to-point correspondence 
then exists between any given value of (x,y) and its loca- 
tion on the plane. Thus, every point on the plane is 
associated with a complex number z = x + iy. When the 
points in the plane are so used to portray complex numbers, 
the plane itself is called the complex plane, and is repre- 
sented by the Argand diagram shown in Fig. 1. The x axis 
is referred to as the real axis and the y axis as the imagin- 
ary axis. The point may also be thought of as a vector 


we 


Fig. 1—The Argand diagram representing complex numbers in 
the complex plane as points or position vectors. The x axis and 
the y axis are called the real axis and the imaginary axis, 
respectively. Both magnitude and phase of a complex number 
are shown, 


95 





_ 


~ 


Fig. 2—The sum of two complex numbers. 


drawn from the origin 0 + i0. All the laws of operation on 
complex numbers, or points in the plane, are directly ap- 
plicable to the complex plane. For example, Fig. 2 illus- 
trates the law of addition of two complex numbers z, and 


z.. Points (x,,y,) and (x,,y.) are equivalent to vectors, 


z, and z., and are shown as directed segments whose origins 
coincide with the origin of the system and whose termini 
lie on points ((x,,y,), respectively. Their sum z, is obtained 
by adding the projections of z, and z, on both the real and 
the imaginary axis, or z, = (x, + x.) + i(y, + y.). The 
quantity z, can also be obtained by considering it as the 
diagonal of a parallelogram in which z, and z, are two 
adjacent sides. 

Absolute Value and Phase: Referring to Fig. 1 again, 
a complex vector lends itself to a description in terms of 
magnitude and phase. The scalar length of vector z, de- 
noted as |z|, is referred to as the magnitude, modulus, or 
absolute value of z, and can be expressed as: 


z| = |r+iy| =v2+/¥’ (2) 


If r and @ denote the polar coordinates of the point 
(x,y), with @ chosen so that r is positive, we may express 
R(z) and /(z), respectively, as 


zs=rcos@ and y=rsiné (3) 


where @ is referred to as the phase, amplitude or argument 
of z. 

While, for a given complex number, z ~ 0, there is but 
one phase @ such that 0 < 6 < 2z, there is also an argu- 
ment between 27 and 42, an argument between 4a and 
67, etc. The term “phase” may refer to the smallest posi- 
tive number 6, or it may refer to any number of the set 
6 + 2kz, where k is any integer. Thus, 9 = tan y/x 
+2kz, where k = 0, 1, 2,.... We shall, however, select 
6 to be bounded by a and —z here. Hence, 


y 
= te Sees 
an t= (4) 
may also be expressed as 


J y x 
6 = sin: and @ = cos™- 
r r 


Fig. 3—Complex vector connecting two points z, and z in 
the complex plane. 
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Fig. 4—Complex numbers z, and z, and their complex con- 
jugates Z, and Z,, respectively, shown symmetrically disposed 
about the real axis. 


From Eqs (1) and (3), we may express the complex 
number as 
z=2+ ly = r(cos@ + isin @) (5) 


where r = \/x* + y’. 

We have dealt above with a vector emanating from the 
origin to a point in the plane. A vector connecting two 
points, such as z and Zp, is given as 


z— 2% = (rz — %) +1 — Yo) | 
= V (x — 2)? + (y — yo)*(cos ¢ + isin ¢) 
z — zo| (cos¢@ + isin d) 
Vv — Vo 


tan — (6) 
a - 


Li 


and 20 V (2 — 2)? + (y — yo)” (7) 


The angle ¢, shown in Fig. 3, is the angle between the real 
axis and the vector z — z,. Hence, z — z, = r(cos¢ +i 
sin ¢) is, for a fixed r, a circle about the point z,. Each 
point is given by z = z, + r(cos dé + isin d) as d assumes 
all values between 0 and 27. 

Polar Form: Consider the Maclaurin expansion of e* 


gx? x gn 
Pei te ots tS 


od! n! 


+ -- 


Setting x = i@ and recalling that i? = —1, 


e . 6 o 
l + - 4}. 
a. Cet et" 


ee =1+ 0 — 


Collecting real and imaginary terms, 


e 6 a a 6 
aefi-S+a- wear “ey eT 


But the MacLaurin expansion for cos @ is 


ee o 


cos@ =] —-—+- 


-- 


6 6° 
and sin @ = 9 —-——+—— 
3! a3 


Hence, e’® = cos @ + isin é (8) 


so that z=2+iy =r(cosé + isin @) = re? (9) 


In terms of the concepts of magnitude and phase, we 
may redefine multiplication and division into more con- 
venient forms. 

Multiplication: The product of two complex numbers is 
a complex number whose magnitude is the product of the 
magnitude of each, and whose phase is the sum of the 
phases of each. Thus 


222 = 7i(cos 6; + isin 6:)re(cos 62 + i sin 62) 
1(6,+8,) 
= rile 1 “2 
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Division: The quotient of two complex numbers is a 
complex number whose magnitude is the ratio of the 
magnitude of each, and whose phase is the phase of the 
a diminished by the phase of the denominator. 
Thus 


ri(cos 6; + isin®:) mm «-¢,) 
ee —____— = a 

ro(cos 62 +- i sin 02) re . al) 

Complex conjugate: As stated above, z = x — iy is de- 

fined as the complex conjugate of z = x + iy. Since 

cos (@) = cos (—é@) and — sin 6 = sin (—6@), we may write 


Z =r(cos@ —isiné)=r [cos(—0) + i sin(—8é)] z(—@) 


or z(@) = z(—@) and, conversely, z(—@) = z(@). 

This implies that a complex number and its conjugate 
are symmetrically disposed about the real axis, as shown 
in Fig. 4. 


Algebra of Complex Numbers 


Having established a more general number system, we 
proceed to inquire into the meanings of elementary familiar 
relationships between elements such as equality and in- 
equality and their basic operations. 

e Theorem 1: The absolute value of the product of two 
complex numbers is equal to the product of the absolute 
values, or 


Proof: 


l. Let z nel and 2. 


(6, +6, 


e Theorem 2: The absolute value of the sum of two 
complex numbers is at most equal to the sum of the 
absolute value, or 


Proof: 


l. Let z m+ 


9 |2 
2 


ty; and z re + tye 
V (x1 + 22)? + (vi + y2)? 


re t+ Vy + ¥2’, 


“a i oe oe ) 
3. If Vv (x; —- Z2)? + (1 - V2)? < V ze + 
then the theorem is proved. 
1. Squaring both sides, 
(21 + 22)? + Gi + 92)? S [Ce? + 227)t + Qi? + 2”) P 
z;" + Zo 2 


M22 + vi + yo? + 2yive < (21? + 72") 4 
9 
«VY 


(yi? + y2") + (x? + 22°)(y? 4 
M2 + Vive S Vv (rP? + 22)(y? + ys") 

5. Squaring again, and transposing 

(222)? T (yiy2)” + 2riT2V1¥2 < (x72)? + (vivo)? + 


(x12) P +t (yi%2)2 


0 < (ry: — yite)? 
6. Since the square of any real number either equals zero or 
exceeds zero, the theorem is proved. 


e Theorem 3: The conjugate of the sum is equal to the 
sum of the conjugate, or 


21 + 22 


Proof: 

~ Leen =mtiy and z = 22+ lye 
~ata = (t+ 2) +i(n + y2) 

3 a + 2 = (x, + Ie) = i(y + ye) 
4,.%=%—ty and % = 2 —ly2 

5. ath = (+a) — in ty) 

6 


. Comparing step 3 with step 5, the theorem is proved. 
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e Theorem 4: The sum of a complex number and its 
conjugate equal twice the real part of the complex number. 
The difference between a complex number and its conjugate 
is a purely imaginary number whose magnitude is twice 
the imaginary part of the complex number, or 


z+2 = (2+ iy) + (x — iy) = 22 = 2R(2) 
and 
z—2Z=(2r+ iy) —(@ — ty) = Ry = i2](z) 


e Theorem 5: The product of a complex number and 
its conjugate is a real number equal to the square of the 
magnitude of the complex number, or zz = | z|?. 

Proof: 


| e'8 


rh 
= | | e108 
1 \ 


z= iz | 2e1(0 6) = | z 
e Theorem 6: The absolute value of a sum of complex 


numbers is at most equal to the sum of the absolute values 
of the numbers, or 


Proof: 


l. From Theorem 2, | z+ 2/| <|2| + | z 


—_ | 


2. Assume that the theorem holds for n = k, or that 


S's 
— 
7~=1 =! 


7 


wy 


<\ 


- k 
j 


3. We now attempt to show that the theorem holds for n = 
+ 1, or that 


from step 2. 


6. Hence, 


k+l 


— ¥ 
— 
g=% 7=1 

7. Having assumed that the theorem holds for n = k and hav- 
ing shown that it holds for n = k + 1, the theorem is established 


by the principle of finite induction. 


e Theorem 7: The conjugate of the product is equal to 
the product of the conjugates, or 


%o = os 
2122 = 21 29 


=ne and 
4(6, +6.) 


ee Te: 
ryree 


10, +6.) 


= r)fee rye 


De Moivre’s Theorem: The nth power of a complex 
number is a complex number whose magnitude is the nth 


97 





power of the magnitude of the original complex number; 
phase is m times the phase of the original complex number. 


fe = rreiné 


n being a positive integer. 

Proof: 

This follows as a direct consequence of Eq (8), which 
states that e'? = (cos @ + i sin 6). Substituting né@ for @, 
we obtain: 

z™ = (re*®)" = re’? = r*(cos nb + isin né) (12) 
e’"® = cos né + isin nd (13) 
is known as de Moivre’s Theorem. 

Multiple-Angle Trigonometrics: The finite expansions for 
multiple angles of sine and cosine may be directly obtained 
from De Moivre’s statement. Expanding the left-hand side 
of the De Moivre equation 

(cos 6 + isin 6)" = cos né + isin nd (14) 
we get 
n(n -- })> 


>! 


(cos 6 + isin 6)" = cos"~*6 


cos" @ + ncos"" 6i sin 6 + 


n(n —1)---(n— m) — 


i? sin?@ + --- + ~. 


~Man—(mt! mt] einmtl 

ie ih) cos 0 sin™*9 
+ +++ + isin"? 

Regrouping into real and imaginary terms, we get 

n{n — 1) 


(cos 6 + isin 6)" = [ cose 6— ee cos" @ sin? @ + 
n(n — 1)\(n — 2)(n — 3) 
— - ( 


i! 


_ — 9 
i E cos*! @ sin @ — n(n a . 2) cos"? @ sin* @ + °° | 


os"-4 @ sint @ — - | + 


Setting the above expression equal to Eq (14) and equating 
the reals and the imaginaries, we obtain 
n(n — 1) 


1 


cos né = cos’? — cos"? @ sin? @ + 
n(n = 1l)(n — 2)(n a 3) 
1! 7 
(n —1)(n —2 : 
— ae == cos"~*@ sin? @ + -+- 
At this point we return to some important theorems in 
the algebra of complex numbers. 
e Theorem 8: The absolute value of the nth power of a 


complex number is equal to the nth power of the absolute 
value of the complex number, or 


os"~4 @ sin‘ @ — --s 


sin né = ncos"" @sin@ — 


Proof: 
1. 2* = r* cos n6 + isin née 


9 _— 
a 1°, =i ie 


cos né + isin né | 
| r™ | V¥ cos? n@ + sin? nd = | r* 
3. Since r is a real positive number, | 
. Similarly, | z | = r. Hence, | z |" = r*. 


. Comparing steps 2 and 4, the theorem is proved. 


a1 
7s 7, 


e Theorem 9: The conjugate of the difference of two 
complex numbers is the difference of their conjugates, or 


Proof: 


-Letn=a2t+iy and = z = 724 tye 

u4— 2 = (x - T2) —i (vy: i Y2) 
3. 21 — Z2 = (ti — ty) — (2 — ty) = (i — 2) — 1M — y2) 
. Comparing steps 2 and 3, the theorem is proved. 


e Theorem 10: The conjugate of the ratio of two com- 
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plex numbers is equal to the ratio of their conjugates, or 


(2) -2 


16 
21 me } Ti i(6,-8,) 
z = Cl e 2 1 


Ze roe 0, lo 


4. Comparing steps 2 and 3, the theorem is proved. 


Roots of a Complex Number. First we will consider the 
problem of determining the n roots of unity. 


1 = e®** = cos 2rk + isin 27k 
bee cS Oo oe 2 ES. a, 


2rk 3 2 ae 
+7 | @n - 
n hn 


n = et2rkin = cos 


We can identify which of the n roots we are referring to by 
writing 
Lm = (1), 


For example: in considering the cube roots of unity, we 
have 
3=cos0+ isin0 = 
a 9 
= cos ¥ + isin = 


Ar, p . 4s ae 
= cos = + isin “ = 9 i-> 
One question that naturally arises at this point is how 
many distinct roots there are. We observe that 


] )! 2 = 1,1" 


i,) -_ | ” 


since e’® = e”* 


Ince pi2zain — pilz(nta)in — pide . pilxain 
since é€ € = <€¢ e 


Hence, in going through any n successive values of k we go 
through n distinct values of 1,1". For convenience, we 
may let kK = 0, 1, 2,..., 2 — 1. Thus we have demon- 
strated the following: 

e Theorem 11: There are n distinct nth roots of unity. 
These are: 

1/8 = ef2xkin 

pene c= 0; 1. 2 an Rk. 

EXAMPLE: What are the fourth roots of unity? 

(1*)) = cos 0 + isin0 = 1 


. Tv . @ Tv ° 
(1'); = cos>+ tsin-5> = 


(1t), = cos r + ising 


: cick: a ; 
(14); = cos = + isin = =-l 

e Theorem 12: The nm roots of unity are symmetrically 
disposed on a circle centered at the origin and of unit 
radius. (An example of Theorem 12 illustrating the cube 
roots of unity is shown in Fig. 5.) 

Let us turn our attention to the more general question 
of the nth root of an arbitrary complex number z = re’, 
which we write 

z= re’ (0+2kr) 
where k = 0, + 1, + 2,...,” — 1. Clearly, 
7; = re’é ‘ ettkr 


- 


giln = (re‘9)1/n ‘ 
an (r @ « e'8/n) e 1,1!" 


so that ettkrin 
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Definitions: Real Functions of Real Variables 


Neighborhood—The neighborhood of a 
point z, refers to the set of points z such 
that | z — z, | < «¢ for all ¢ > 0. Hence, 
the neighborhood of z, consists of all 
points within a circle of radius ¢ centered 
ae. 


Limit Point—A limit point of a set of 
points, S, refers to a point z, such that 
every neighborhood of z, contains in- 
finitely many points of S. The limit point 
Z, does not necessarily have to be a point 
of S. EXAMPLE: A point z, on the cir- 
cumference of a circle is a limit point 
of the set of points within the circle. Each 
point within the circle is also a limit 
point of the same set. 


Interior Point—An interior point of a set 
S refers to a point z, such that there 
exists a neighborhood of z, containing 
only points in S. EXAMPLE: The point 
on the circumference in the above ex- 
ample is not an interior point of S; how- 
ever, points within the circle are interior 
points. 


Fig. 5—The cube roots of unity. 


Noting that the first factor is independent of k, in view 
of the foregoing discussion we can state the following: 

e Theorem 13: The nth root of an arbitrary complex 
number z is an nth root of z multiplied by the n roots of 
unity. These roots are symmetrically disposed on a circle 


Boundary Point—A boundary point of a 
set S refers to a point z, such that every 
neighborhood of z, contains points of S. 
EXAMPLE: An interior point cannot be a 
boundary point. A point on the circum- 
ference in the previous example is a 
boundary point. If § is defined to be all 
points within the circle with the exclusion 
of a point z, within the circle, then z, 
is a boundary point. 
Open Region—An open region refers to 
a set which consists only of interior 
points. EXAMPLE: The neighborhood of 
point zero, or | z — z, | < ¢, is an open 
region consisting of the interior points 
of a circle or radius ¢ centered at z,. 
Region—A region shall refer to a set con- 
sisting of all points of an open region 
and some of its boundary points. 


Bounded Region—A region will be called 
bounded if its points are interior to a 

circle of finite radius. EXAMPLE: The re- 

gion |z| > 0 is unbounded. The region 
z| <a is bounded. 


Closed Region—A closed region shall re- 
fer to a bounded region that includes all 
its limit points. EXAMPLE: The region 
|z| <a is open. The region |z| < a 
is closed. The region 0 < |z| < a is 
neither open nor closed, although it is 
bounded. 


Closure of a Bounded Region—The clos- 
ure of a bounded region R refers to the 
set of all points of R and all its boundary 
points. EXAMPLE: The closed region | z | 
< a is the closure of the region 0 < | z | 
< a. 


Connected Region—A connected region 
refers to a region within which each pair 
of points can be connected by a con- 
tinuum of line segments, finite in num- 
ber, each point of which lies within the 
region. 


Domain—A domain refers to a connected 
open region. EXAMPLE: The set of points 
|z| <3 within the connected and open 
region, bounded by a circle of radius 3, 


constitutes a domain. 





Fig. 6—The cube roots of —8 shown symmetrically disposed 
on a circle centered at the origin and having a radius of 8. 


Proof: 


e Theorem 14: If the product of two complex numbers 
is zero, then one of the numbers must be zero. 


1. We are given that 2:22 = 0 


centered at the origin and of radius equal to the nth root 2. zz. = rire’ %1"*2) = ryrz cos (0, + 62) + i rire sin (0; + 62) = 0 


of the magnitude of the number. 


3. Equating reals and imaginaries, we get 


EXAMPLE: What are the roots of z = —8 = 8e'™? 


1/3 = Deirls e 1, 3 


Zk 


where: & = 6, 1, 2, «0.08 — i. 


Deir = 1,143 = Qeir!3 (1) = Qeirl3 
1,13 = Qetx/3 (ei2/3) = Qeir = 2 


Deir !3 (e'4* 3) = Detsr/3 


Voir/3 
of? $ 


Serr 7. l.! 3 = 


This is illustrated in Fig. 6. 


(a) rire cos (6; + 6) = 0 
(b) rile sin (A; + 62) = 0 


4. Thus, (rire)? cos? (6; + 62) + (rire)? sin? (@; + 42) = 0 
5. Hence, (rire)? = (212 + y2)(r2? + 2?) = 0 


or both are zero. 


6. But a product of two real numbers is zero if, and only if, one 


7. Hence, either x; and y; are zero, x2 and y2 are zero, or both. 


Consequently, 7; = 0, or z. = 0, or both. 


Functions of a Complex Variable 


If to each value of the complex variable z, in some 
domain D., there is a corresponding value of w, then w is 
said to be a function of z in the domain of definition D,,, or 


w = f(z) 


plex variable z may yield the same value of f(z), there is 
only one value of f(z) to which each z corresponds. Mul- 
tiple-valued functions may then be treated as a set of single- 


valued functions. Since 


This correspondence is restricted to single-value functions 
for convenience so that, although many values of the com- 


NOVEMBER 1961 


w = f(z) andz = z+ ly 





it is clear that the complex variable w can be represented as 
w = u(z, y) + iv(z, y) 


where u and v are real functions of two variables. For 
example, if w = z?, then 


u=27?—y> and ov = 2zy 


In attempting to represent this result graphically,* we run 
into difficulties imposed by the number of variables in- 
volved. It has been found useful to compare points in the 
z-plane with those in the w-plane so that to each point 
(x,y) there corresponds only one image point (u,v). In 
thus studying the mapping of regions, we learn much about 
the behavior of the functions. 


Limits 
A function, w, of the complex variable z is said to have 


a limit w, as z approaches z, if, for every « > 0, there exists 
a 8(e) > O such that 


| wz) — uy | <e€ when |z—2%| < d(6) 


We may then write: 


lim w(z) = uw 
2-2 
The definition restricts us to points within a circle of 
radius « in the w-plane whenever the independent variable 
z finds itself within a circle of radius 5(¢) in the z-plane. 
If 5(e€) can be found once « is specified, the existence of 
a conjectured limit is demonstrated. However, it does not 
permit us to determine the limit directly. We therefore turn 
to the theorems. To begin with, we avail ourselves of the 
results of the calculus of real variables. 


e Theorem 15: The lim f(z) = uo + iy if, and only if, 


22% 


lim u(z, y) = up and lim ov(z, y) = 0 
z—2z0 z-—-2z0 
y~yo y~yo 


Proof: 


1. Assume lim f(z) = uo + iro 
z—z0 
2. Then, for each e>0, there exists a 4(€) such that |(u — ue)+ 
i(v — v)| <e when 0< |(z — x0) + i(y — yo)| <d(©) 
3. But ju — uo} <|(u — uo) + (vo — 00) . Hence, |u — uo| < 
e, and similarly, |v — m|<e when 0< V(z — x)? + (y — yo)?< 
d(e). 


4. Consequently, lim u(r, y) = up and lim v(z, y) = . 
r—z0 r—z0 
y~ve yo 
5. To establish sufficiency, let us assume step 4. 
Then, for each «/2>0 there exist 5,(€) and 6.(e) such that 
0< Vi — x + iy — yo)? <di(6) 


au —uo| <e/2_ for 
and 
o—nl<e/2 for 0< V(r — x)? + (y — yo)? <d2(6) 
7. Let 6 = min (4, 5). [For example, min (3, 4) = 3.] 
8. Since |u — uo| + |v — | > |(u — uo) + i(v — 0)|, clearly 
(u — uo) + (vo — m)| <e for 0< V(r — m)? + Vy — Yo)? <A(e), 
and the theorem follows at once. 


EXAMPLE: 
: ( 1 a ) 
lim -— £ : 
2 V2 et /s\¥ — 1 r+] 


does not exist, since here 


z%2=1+i1 andi (iim- ; 
st 
yi 
is unbounded. 
e Theorem 16: The limit of the sum of two functions of 
a complex variable is equal to the sum of their limits. 


*See Table of Higher Functions, Jahnke and Emde, in Bibliography at end of 
article. 
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Proof: 
1. We are to show that 
lim [ f(z) + g(z)] = lim f(z) + lim g@) 
7m zz 27a 
lim f(z) = fo and lim g(z) = go 
22 2-72 
2. For a given e>0, there exist 5;(e) and 42(e) such that 


f(z) — fol << for |z — 20| <&i(2 


gz) —go|<=3 for |z — 20| <52(€) 

3. Now we must show that | f(z) — fo + g(z) — go| <e when 
|z — 2| <6. 

4. But |f(z) — fo + g(z) — go| <|f@) — fol +|9@) — go] <e. 

5. Again, let 5 = min [ 4:(€), d2(€) ]. 

6. But then, by virtue of steps 2 and 4, | f(z) + g(z) — (fo + go) | 
<e when |z — z| <6, or lim [f(z) + g(z)] = fo + go. 
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EXAMPLE: An example will be given of the fact that the 
existence of individual limits, although sufficient, is not 
necessary. Given two functions, neither of which has a 
limit, their sum may indeed have a limit. Let 


1 a ae 
Pe eel 


1 
g(z) eet 


Although neither f(z) nor g(z) has a limit as z approaches 
i+i1, 


and let 


OD) 


fO+ 9 = b= = i and lim [f(z) + g(2)] = 2i 


e Theorem 17: The limit of the product of two functions 
of a complex variable is equal to the product of their limits. 
Proof: 
1. We are to show that 
lim [f(z)g(z)] = [ lim f(z)][ lim g()] 
2—20 z—z0 2-420 
2. Let f(z) = u(z, y) + ini(z, y) and g(z) = uo(z, y) + in(z, y). 
3. Let us write 
lim f(z) = fo = uro + iio 
z—20 


lim g(z) = go = Ux + Ie 
2— 20 


4. Now, f(z)g(z) = (uiu2 — vit2) + i (viu2 + reu). 
. But we may write 


lim uy, = uy and lim ue = ur 
zI-—Z0 z-~Z0 
yy yy 


also lime, =r. and lim pe 
zZ—x0 z—20 
yy yy 
6. But, from Theorem 15, as z—2zo, the real and imaginary 
parts of f(z)g(z) approach their respective limits; whence, 
lim (uyu, — viv2) = Ujoll29 — Vi0v20 
z—Z0 
yy 


and lim (v,U2 — PU) = Vi0U20 — 2010 
z—20 
y~vo 
from the theory of real variables relating to sums and 
products. Hence, 
lim f(z)g(z) = fo go 
2--20 
EXAMPLE: Here again, an example will be given to show 
that although the existence of the individual limits is suf- 
ficient to ensure the limit of the product, it is not necessary. 


Let ass 
{[@ = ae i and = g(z) = ~ ; 


z+1 


While 


lim f(z) does not exist, and lim g(z) = 0, yet 
z—1 g—1 


. = 1 = 
lim f(z)g(z) = mn ve; 3 


2 


z—1 
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It is of interest to note that this same result is available via 
the real-variable route, as follows: 


. a: iar 1 a nes 1 — ly 
Pe ee z-l+y @-l)l'+y 
gpa ta? 2-1 +> . S-it+ oes) -% 
we t+] @+)+y (z+1P+y7 
- @-1)+y' + ity 
e+ lP+y 
Hence, f(z) = u, + iv,, where 


satelite ices a * eye 
G@-iyty °° "" Gry 


u= 


while g(z) = u, + iv., where 


_ @-p+y = 2y 
 @t+Y+¥  @+y-y 
Now, when z = x + iy-1, x1 and y—>0. Under these 
circumstances, it is clear that lim u, and lim v, do not exist 
while lim u, = 0 and lim v, = 0. 

However, 


U2 and % 


a al 2! ae —liy 
I@9@ = 5 + - 


+iy @+I?+y_ o> oF 


where | = -_—_——. and V= 2 


: Se , ; 
limU=5 and limV=0 
zl = z—1 

y—0 yo 


Thus, 


and, in consequence of which, again 


z—1 « 
y-0 v0 yo 


lim f(z)g(z) = lim U + ilim V = 2 
z—1 z—1 


e Theorem 18: The limit of the reciprocal of a function 
of a complex variable is equal to the reciprocal of the limit, 
if the latter is nonzero. 

Proof: 


1. We are to show that i (x5) “mS 
72% 


when lim f(z) # 0. 


2-2 
2. Let f(z) = u + w. 


3. Hence, ; i = ieee Gescceke 


f@ “uti ~e 


ut + & 
u —v 
where ‘ U= and V=-— i 
“+e 


u? + v? 


4. Since lim f(z) = uo + iv exists, from real variable theory, 
220 


4 F Ug 
lim U = - and 


r—20 Ug? + Vo? 
y—vo 


5. Hence, from Theorem 15, 


lim (7 ) _ Uo — 1% ” a b 
g~m \J(2) Up? + Ue =n + Wo 
6. But 
l = 1 
lim f(z) tts + iv, 


2% 
Thus, equating steps 5 and 6, the theorem is proved. 


EXAMPLE: 


li (+ il sie, 
ae z+1/ 2 lim@+)1) 
z—1 


e Theorem 19: The limit of the ratio of two functions 
of a complex variable is equal to the ratio of their limits, 
providing the denominator does not vanish. 
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Proof: 


1. We must show 
lim f(z) 
lim .« a , 
em 9(z) lim g(z) 
2-2 
where lim g(z) # 0. 


22 
2. Now 


im £2) oy (sf - 25) 
a NO 
3. But the limit of a product is the product of the limits, so 


: : P ] 
lim S@) = lim f(z) - lim (, ) 
2-29 g(z) 22 2-20 g(z) 
4. And the limit of a reciprocal is the reciprocal of the limit, so 


a 
som HS) lim g(z) 
EXAMPLE: 
T= t 


5 





P_ @+o0@2—-)_3 + 


o 


e Theorem 20: The limit of a power of f(z) is the 
power of the limit of f(z). 
Proof: 
1. We must show lim [f(z)]" = [ lim f(z)]” 
22 2-20 


2. The statement holds for n =1 by identity, and for n =2 since 


lim [ f(z)] - [f@)] = lim f(z) - lim f(z) 
2-2 2-20 2-2 


from Theorem 17. 
3. Furthermore, the statement holds for n = k by extending 
the application of Theorem 17. Hence, 


lim [f(z)* = [ lim f(z)}* 


4. If we can now deduce that the proposition holds for 
n = k + 1, we will have proved the theorem by finite induction. 
Hence, we must show that 


lim [f(z)}**! = [ lim f(z)}**! 
229 


2-20 
5. But the above is equivalent to the statement that 


lim [f(z)}*[f(2)] = [ lim f(z)}*[ lim f(z)] 
220 220 z—20 


6. Now step 5 is in the form of the limit of a product. By steps 
2 and 3, the right-hand member is seen to be indeed the product 
of the limits. 


EXAMPLE: What is the limit of the polynomial 
S(Z) = agz™ + ayz™ + +++ + Gniz + an 
as Z approaches z, and where the a; are arbitrary complex 


constants? 


1. Now lim a; = aj, trivially, from the definition of limit. 
220 

2. And lim z = 2, directly, from the definition of limit. 
2-2 


3. Hence, lim z* = zo*, from Theorem 2\’. 
2-2 


4. Since the limit of a product is the product of the limits and 
a limit of a sum is the sum of the limits, it follows that 
lim f(z) = aozo” + arzo™™! + +++ + Gni20 + an = fe 


2-20 


Continuity of Functions 


The function f(z) is said to be continuous at a point z, 
if f(z) is defined and lim f(z) = f(z,). It is said to be 


2-20 
continuous at each point of a domain D, z being defined at 
each point throughout D, if f(z’) is defined and lim f(z) 


= f(z’). Consequently, we can state: 
e Theorem 21: If two functions of a complex variable, 
f(z) and g(z), are continuous throughout a region, 





Fig. 7—For each positive « we can describe a § such that ¢ and 
& sweep out circles in the w and z plane, respectively. Then, 
as z takes on all values in the §-neighborhood, excluding z,, 
the corresponding image, f(z), find itself in the ¢-neighborhood 
of f(z,). 


. f(@) + g@) is continuous throughout. 
. f(2 - g(2) is continuous throughout. 


f@ 


-“a(z) is continuous for all values of z for which g(z) # 0. 
Proof: Theorems 15 through 19. 


EXAMPLE: The ratio of two polynomials in z is con- 
tinuous, except at points where the denominator is zero. 


ae 7—9 

FG) = ——__—. = <= 
@) 2+27+2 (+14+)724+14+0) 

is therefore continuous except at the conjugate points 


2=-l-i and w»=-l+i 





e Theorem 22: A function of a complex variable is 
continuous if, and only if, its real and imaginary parts are 
both continuous. 

Proof: 


1. To show: that f(z) = u(z, y) + iv(z, y) is continuous if, and 
only if, u(z, y) is continuous and v(z, y) is continuous. 

2. From Theorem 15 and the foregoing remarks, the result is 
readily seen. 

EXAMPLE: 

f(@) = (@ — y) + i(2zry — e + sin 2*y) 

is continuous because u = x — y and v = 2xy — e* + sin 
x*y are continuous. 

The statement that lim f(z) = f(z.) is entirely equiv- 
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alent to the following: for each « [positive distance from 
f(z,)] that is prescribed, we can determine 8, a distance 
from z,, within which we can restrict the values of z. Then, 
as z takes on all values in the 8-neighborhood, excluding 
Z,, the corresponding image, f(z), will find itself in the 
e-neighborhood of f(z,). This may be visualized geometri- 
cally in the z- and w-planes as shown in Fig. 7. 

e Theorem 23: If f(z) is continuous at an interior point 
of a region R and if f(z,) # 0, then there exists a neighbor- 
hood of z, for which f(z) # 0. 

Proof: 


1. Since f(z) is continuous, for any «>0 there exists a 5 such 
that | f(z) — f(zo)| <e when |z — z| <8. 

2. Let us set e< | f(zo)|/n, where n is a positive integer >1. 

3. Then | f(zo) | = | f(o) —f@ +f) —0|< | f(@) — f(a) | + 

f(z) — 0 | from Theorem 2. 

4. Hence, |f(z) — 0| > |f(zo)| — If — f(m)|> | f(zo)|— 


| f(z)| /n from steps 1 and 2 above, or 


—1 
f@ -—9 >(*>) S() | 

5. Thus, |f(z)| >0 when |z — z| <6. 

EXAMPLE: Let f(z) = z? — 1 and let us examine the 
continuity at z, = 0. 

1. f(z) = —l and |f(z)| = 1. 

2. Choosing n = 2, e<1/2. Let us determine 4(«). 

3. Now, |f(z) — f(z)| <1/2 when |z — z| <6, so |z*| <1/2 
when |z| <é. 


102 


4. Since |z*| = |z|*, from Theorem 8, it is clear that 6 = 1/ v2 
will satisfy; i.e., |z?| <<1/2 when |z| <1/ v 2. 

5. The theorem is demonstrated if we can show that |z2 -—1|> 
1/2 when |z| <1/ V 2. 

6. Now | —1| = |(—1) — (@ —1) + (2-1) — 0], and | —1] 
< [27] + |22 —1)|, from Theorem 2. 

7. Hence, |z?— 1] >1-— |z?|. But |z?| <1/2 when |z| <1/V2. 

8. Thus, |z? —1| >1/2 when |z| <1/ V 2, and the theorem is 
demonstrated. 


As was seen in the last example, the value of 5(e) may 
depend on the point z,. If, in a region, a value of 8 exists 
which satisfies and is independent of the point chosen, then 
the function is said to be uniformly continuous in the 
region. As a matter of fact, a function that is continuous 
in a closed region is uniformly continuous therein. 


Derivative of a Function 


The derivative of a function f(z) of a complex variable 
z at point z, is defined to be 


df 


dz S242 


= f'(%) = lim = Sr) 

mm ©" * 
if the limit exists. In other words, if f’(z,) exists, then, for 
any « > 0, there exists a 8(«) such that 


| sp LE) — Fo) 
im 7 = 
zm 2% — 2% 
when 0 < | z— z, | < 8. 

e Theorem 24: If the derivative of a function of a com- 
plex variable exists at a point, the function is continuous 
at the point. 


Proof: 


— f'(2)| <e 


‘ - f(z) — fo 
1. f’(z%o) = lim i ) me ) 
2-20 « —~ 40 

2. Since z never attains 2) in the limiting process, we can use 

Theorem 19 and write 
lim f(z) — f(z) 

f@ — f(z) _ 27% 

z lim z — 20 
2—20 


lim 
ccm: ae 


3. Hence, 


lim f(z) — f(zo) = [ lim (: — 2) | f(a) = 0 
2-20 2z—20 
4. Thus, lim f(z) = f(z), and f is continuous. 
229 


EXAMPLE: Let f(z) = z?. Then 


-2 an2 

, . - _— ae . 

f(z) = lim ——— = lim z + 2 = 22 
zz 2 — 20 22 


9 


Since the derivative of z? exists at the point z,, it follows 
that z? is continuous at the point z,. That the converse of 
this theorem does not hold is evidenced by the continuous 
function f(z) = | z |?. Here, 


~. | si — | ge i* ~ 
lim ———_——— = lim - 
22 = Zo Az—0 
(20 + 42)(o + Az) — 20 + 20 
Az 
= lim % + Az + 2 Az/Az 
4z—0 
a. Now, when z, = 0, z, = 0 and so the expression be- 


comes lim Az. And since Az = 0 when Az = 0, we can 
Az—0 


conclude that 
d|z |? - 


b. When z ~ 0, we let Az approach zero along two dif- 
ferent paths, first by letting Ay and then Ax approach zero, 
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and then by letting Ax and then Ay approach zero. If the 
derivative exists, the results should be identical. Thus, 


lim 2 + AZ + 2 AZ/Az = % + Ar + 
Ayo 


and lim 2 + Ar + 29 = Z + 20 


Az—0 


Now lim 2% + AZ + 2 AZ/Az = 2% — iAy — 2 


Az—0 


and lim % — iAy — 2 

Ay-0 
For the limit to exist, it must be independent of the mode 
of approach. But z, + z, = Z) — Zp if, and only if, z, = 
— 2), Which holds only when z, = 0. But z, + 0; therefore, 
d\z|*/dz does not exist, except when z = 0. This result may 
be formalized into: 

e Theorem 25: If a function of a complex variable is 
continuous at a point, the function is not necessarily dif- 
ferentiable at the point. 

Proof: See above example. 


Cauchy-Riemann Conditions 


e Theorem 26: Given the function f(z) = u(x,y) + 
iv(x,y) where u,v are continuous. For the derivative f(z) 
to exist at a point z, it is necessary and sufficient that 

du Ov ov du 

— =— and —= -- 

or ov or oy 
where the latter are continuous. 

Proof of Necessity: 

1. Assume the derivative exists. Then 


a j Au + i Av 
lim — = lim 
Az—0 42 Pan! Ar + ‘Ay 


f'@o) = 


R(f'(o)] + tL S’@o)] 


‘ Au + tAv 
lim R — 
Ar—0 Ar + wy 


where 


= R[f'@o)] 


Ayo 


. Au iAv 
and lim J [st | 
Ar—0 iAy 
Ayo 


= I[f’@o)] 


2. Now, let us first approach the limit along a path independent 


of y—i.e., let Ay = 0. The above become 


ee r[* + “| =~ lim 42 


Az—0 Ar Az—0 OL 


= R[f'@o)] 


lim J [= + =| = lim a I [f’()] 
Ar 


Ar—0 Aro OL or 


Again, let us now approach the limit along a path independ- 
ent of r—i.e., let Ar = 0. The above then become 


Au + tApv "> 
tim R[ | - R Ls'Go)] 


lim J [=x | = lim—— = - oe = I [f’(z)] 


Ay—0 Ay—0 Ay av 


. Av 
lim— =~ = 
Ayo OY oy 


4. Equating like terms in steps 2 and 3, 
ou ov ov 
— =- and —= 
Or oy or 
Proof of Sufficiency: 
1. Assume now that step 4 holds and that these terms, together 
with u(z, y) and v(z, y), are continuous. We shall show that the 
derivative exists. 


2. Now* 
ou 
Au = 3 Ar +5 = AY + terms of higher order 


* See Differential & Integral Calculus, R. Courant, in Bibliography at end of article. 
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ov ov 
eek ihe ar 
or c vv 


and Av = Ay + terms of higher order 
a a . Au + idv 

lim — = lim : 

Azo 42 Az04r + Wy 


ou ov + terms of 
‘ (327° atid oY) +5 i ax on +5 ay 7 higher order 
= lim - _ 
Az—0 Ar +i i Ay 
4. Since the Cauchy-Riemann conditions have been assumed 
to hold, we may substitute and find that 
. Au + idv 
lim 
Azo St + Wy 
Ov ou A 
( — Ar +‘ 


ov dy 


ou ov + terms of 
i Ar — Ay . 
li ay) + i( - ov + ov" ) higher order 
= lim — - - —_— : 
Az—0 Ar + iAy 


" Ov . du terms of higher order 
= lim eo oe Eo + . ; 
Az—0 oy oy Az 


5. As Az—>0, the second term in the bracket vanishes, leaving 
Af oo . du ou ov 

lim — = — —I- ; = f'(z) 
g—rg 42 oy oy or Or 


The derivative is seen necessarily to exist when the Cauchy- 


Riemann conditions hold. 


EXAMPLE 1: Let f(z) = y, where y is a complex 


constant. 
f@) =u+w=y 
Hence, u = y and v = 0. 
, av a 

= = ™ =0 and - ov =6 

or oy or 
Hence, the Cauchy-Riemann conditions hold, and f(z) is 
differentiable: 


dy — ou OD ae 
= oe ia ee ee 0 
EXAMPLE 2: Let f(z) 
“u=xandv=y,. 


= z. Hence, u + iv = x + iy, or 


ou _ ov <a a we ou _ 0 


oz | a oh hoe ov 


Hence, the Cauchy-Riemann conditions hold and f(z) is 
differentiable: 
dz du . Ov 


= i 
dz or + Or 


EXAMPLE 3: Let f(z) = yg(z) = yg,(x,y) + iyg.(xy). 
Hence, u + iv = yg,(x,y) + iyg.(x,y), or u = yg,(x, y) 
and v = yg.(x,y). 


=1+0=1 


ou Ogi ov Oe ov O92 ou On 
—ae, — Og. age. —— = = 7 
or or ov ov Or or ov oy 


Hence, the Cauchy-Riemann conditions hold if: 


O91 _ 992 and 


Og2 _ __—«9 
or oy or oy 


But the latter hold if, and only if, g(z) is differentiable. 
If so, then 


cnt dg(z) 


dyg(z) du . w a4 . Ge 
ee) .. ae pe Re ae pe YS = 47> 
dz or é or dz 


EXAMPLE 4: Let 
f@ = 9g) + h@) 
= gi(z, y) + hi(z, y) + t (goa, y) + helz, y)] 
Here, u = gi(z, y) + A(z, y) and v = g(x, y) + he(z, y) 
du _ 9g +4 oh, Ov Og dhe 


Or Or or oy oy oy 





ond oo oh: , on = 00 Om _ aa 


ox ox Or oy oy oy 
Hence, the Cauchy-Riemann conditions hold if, and only if, 


O91 oh, 092 , dhe 
+. — =- + 


or or dy oy 


092 + dhe = — 991 2 dh; 


and if, and only if, = > 
- or or oy oy 


But if g(z) is differentiable, 


00; Oge Oge — 0¢ 
SR and <7 _ Oi 


or oy or oy 
and if A(z) is differentiable, 


dh, _ dhe 


dhe — dh, 
- and — _ 
or OV or ov 


1 
Hence, 5, 92) + hz) = g'@) + h'@) 


EXAMPLE 5: Let 
f@) = g&) + h(z) = (qi + tg2)(a + the) 
= (gi, — goho) + (gohi + gihe) = u + iv 


Hence, v= gohy + gihe 


= gh; — goh. and 
= g hi. > Jizhy —_ Gohez — Gozhe 


Ov 
7 gehiy + Goyhi + gihey + giyhe 


For this Cauchy-Riemann condition to be satisfied, 


Iihiz 7 Dizhty _ gehoz - Jorhe = gehiy 2 Joyh + Gihey + GJiyhe 
or 


gChiz — hey) + higiz — gey) = ghiy + hoz) + holgiy + gez) 


Now, if A(z) is differentiable, it follows that 


his = hey and hez = —hiy 


and if e(z) is differentiable, it is also true that 


fiz = Gy and gos = —Jy 


Hence, if / and g are differentiable, the Cauchy-Riemann 
condition is satisfied. The other condition, that 


Ov ou 


or oy 
may be shown in similar fashion. We conclude that 


f’@) = dig) A(z)| 
exists, where 
Ke) os 4 : ov 


or Or 


(giluz + gizhi — Gohor — Gozh2) + 
i(gohis > Gorhy + Jizhe + gihoz) 


oh Og ah og 
a— +h—+ tl a- h,e— 
¥ Ox Or (0. Or "™ or 


oh Og 
oe ee 


or or 


~h 


» dg-h) _ dh 
dz * dz 


The derivative of a product of functions of a complex 
variable thus corresponds exactly to the form with which 
we are familiar from the theory of real variables. 

EXAMPLE 6: Let f(z) = z" = (x + iy)", where n > 0. 
Hence, u(x,y) = R [(x + iy"] and v = J[(x + iy)*]. But 
x + iy = re’#, sou = R[r"e'™] and v = 7 [r"e'”], or u = 
Rir"cos n@ + ir"sin né] = r"cos né and v = r"sin né. 


1¢ 
Hence, g(z) + op h(z) 
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Now 


which may be written 
Ur = Ul, + Uebz 


d ov ov Or dv 06 
= dy Or dy ' 06 day 
or Vy = Uy + veby 
Again, », = 1,7, +6, and —u, = —Uurry — udby 
For the Cauchy-Riemann conditions to be satisfied, 

uz; =v, and wv, = — Uy 
or 


Ur: + UPA, = Uy + VHy and Fz + 19, = — Urry — Ub, 


The Cauchy-Riemann equations may be stated in terms of 
polar coordinates if we determine r,, 0,, r,, 9, in terms of 
these coordinates. Recall that 6 = tan! y/x and r = 


\/x? + y?. Hence, 


= ; (2? + y*)-$ 27 


Rs 2\-4 « 

9 + Yt 2y = 
i rites Oe 
~14+G72)  P 


l/z eo 
1+Q°*/2) @7 
sin 0 cos 6 


ur COS 6 — Ug- ae v, sin 6 + vg — 


Substituting, > 


. cos 6 sin @ 
and —u, sin 6 — ug- iw v, COS 0 — v6 


We may multiply the first of these equations by sin @ and 
the second by cos @, and then add them to eliminate u,. 
Doing this, we obtain 


ee. o 1 ou sh ov 

Re a 
If, on other hand, we were to multiply the first of these 
equations by cos @ and the second by sin 6 and then subtract 


to eliminate u,, we find: 


ou a 1 ov 
or r 00 


Hence, we have extended the Cauchy-Riemann conditions 
to polar coordinates. This may be stated formally before we 
proceed to our problem: 

@ Theorem 27: If f(z) = u + iv, where u(ré) and 
v(r,@) are continuous with continuous partial derivatives 
of first order, then a necessary and sufficient condition for 
the existence of f(z) is 

1 du Ov du _ 1 a 


= —-— and — = = 
r 00 or or r 06 


Before we proceed with the problem in Example 6, let us 
determine the value of f(z) in polar coordinates. We recall 
that 

f@ =- 
Hence, substituting, 


ou or ou 06 . f ov or ov 06 
(@) =~ +o +i( 2 42 - 
or or 00 Ox or or 06 Ox 
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6 Ov av d 
But — = = eh topo 
or 00 or 


and, using the foregoing values for r,, ry, 0, and 0,, 
ou ov. . { dav du 
“(z) = ( — cos - = one = a 
f'®@ pp 08 8 + =. sin +i ap COS 8 5p Sin @ 
ou 


“or 


du . Ov sx of 
= ‘ abs OS —_ : = —-.. e160 
( = +i > )(cos @ — isin @) *s 


oe . OW — 
(cos @ — isin 6) + ix (cos 6 — isin 6) 
Cc 


The result is now formalized. 


e Theorem 28: If the derivative described in Theorem 
27 exists, its value is 


, en ou . Ow of 
z) = (cos@ — isin@){ — + i= res 
IC ) (cos »( or t iz) , or 
To proceed with Example 6, here 
f@ = 2% = preing 
=r"cosnd+ir*sinndé =u+ iv 
1 du _ — sin né Ov 


and —— = —nr*'sin né 
r 00 r , or _ 


It is clear that the first of the two Cauchy-Riemann con- 
ditions is satisfied. Also, 

q An mn oOSe 

— =nr™!cosné and = io 

or r 00 r 
Since the latter are equal, the function z” is differentiable. 
The derivative is 


df of = eOnr™ end 
dz or 


n(re#)"— = nz" 


Hence, the rule for differentiating a power of a complex 
variable is the same as the familiar rule in real variables. 

The Cauchy-Riemann conditions and the equation for 
the derivative of a complex function may, as has been seen, 
have many forms. We shall attempt to state the foregoing 
more elegantly. Since 


ou Ov al 
— =- and — = —- 
dr dy dy 


it must follow that 


A. a. ‘. .f{ ov .ou .f ou , ,du 
Since f = u + iv,, the Cauchy-Riemann condition for rec- 
tangular coordinates is then 


of 1 of 


Or L ov 


of * of 


But 


dz ~ Ox 
Hence, we may state: 
e Theorem 29: Given continuity throughout, and f(z) = 
u(x,y) + iv(x,y), if, and only if, 
of 1 af df _ af 


= -—, then — =- 
Or i Oy dz or 


Similarly, the Cauchy-Riemann conditions for polar form 
are 


1 du Ov i du 1 dv 
— = - an — =— - 
r 06 ) or r 06 


ou . Ow wnt i Ou 
ah se ae: ieacsaae oad 
or ( r 00 r 06 


i f du . 
-A5 +5) 


sO we can write 
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Hence, since f(z) = u(r,0) + iv(r,6), it follows that the 
Cauchy-Riemann conditions are expressed by the single 
equation, namely: 


or ir 00 
Recalling Theorem 28, we can write 


e Theorem 30: Given continuity throughout in f(z) = 
u(r,@) + iv(r,6), if, and only if, 


f 1 of 
or ir 00 
ee of 


om e 1@_—/ 
dz or 


then 


EXAMPLE: Let f(z) = |z |" for m > O and an integer. 
f(z) = 


ree"? | = pr" 


Now 


if, and only if, r = 0. Hence, the derivative exists only at 
the origin and its value there is 
of ea 


ee@— = (0 
or 


Analytie Functions 


We may now attempt a more formal definition of an 
analytic function. If the derivative of a complex function 
exists at the point z, and at every point of some neighbor- 
hood of z,, then the function is said to be analytic at the 
point z,. Note that the Cauchy-Riemann conditions are not 
of themselves sufficient to ensure analyticity. In the example 
above, we note that | z|" is not analytic at any point, al- 
though the Cauchy-Riemann conditions are satisfied and 
the derivative exists at z = 0. If a function is analytic at 
each point in a domain D of the z-plane, then it is said to 
be analytic in the domain D. 

If a function is not analytic at z), but is analytic at some 
point in every neighborhood of z,, then z, is said to be a 
singular point of the function f(z). The function f(z) = 
1/(z +a), being discontinuous at z = —a, cannot have a 
derivative at that point, and hence is not analytic at z = —a. 
Moreover, since its derivative exists at every other point, 
it is analytic when z # —a; and so, z = —a is a singularity 
of f(z). We observe that the properties of being either 
analytic or singular are not all-inclusive: the point z = 0 
in the function f(z) = | z |" is neither analytic nor singular. 

A property of f(z) = u + iv, an analytic function of z, 
is that the partial derivatives of all orders of u and v exist. 
(This we shall prove later in connection with the Cauchy 
Integral Formula). In consequence of this result, we can 
state: 

e Theorem 31: Given that f = u + iv is analytic in 
some domain, then 

Oru 4 Oru 


— — =( and 
or* oy- 


at every point of the domain. 
Proof: 


1. Since f(z) is differentiable at every point of the 
domain, the Cauchy-Riemann equations hold; hence, 
ou ov av ou 
—-=-; and =—=-,; 
Or Oy or oy 
2. Let us take the partial derivative of the first of these 
equations with respect to x and the partial derivative of the 
second of these equations with respect to y, to yield 
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Fig. 8—Basis for real-variable integration of f(x). 


u av dv 
‘ = - and = -- 
or Oy 


or Oy Or 
% av av vu , #u 
3. But dyor azdy’ ~~ dx" dy? 
4. By differentiating first with respect to y and then 
with respect to x, it readily follows in similar manner that 
ov Av 
oz a oy" — 
EXAMPLE: Let f(z) = z(z + a), an analytic function 
everywhere in the z-plane. Hence, 
ff) =@+iW@+a4 ty) 
=2(r +a) -—y+ WQr+a)=ut+w 
Thus, vu = x(x + a) — y? and v = y(2x + a). 


Ou ov 


=2r+a 2 


y 
or 5 
eu 

ou 


ou 


ey 


ou 


ov" 


Clearly, 2— 2=0and0+0=0. 
The differential equation 

—— se coe a 

or- oy" 
is known as La Place’s differential equation. Any function 
® that satisfies this equation, and whose second-order deriv- 
atives are continuous, is said to be a harmonic function. 
Consequently, when f(z) is analytic, u and v are each 
harmonic functions; due to their special relationship to each 
other, they are referred to as conjugate harmonic func- 
tions.t Corresponding to each harmonic function exists its 
conjugate harmonic function. The family of curves result- 
ing from setting the harmonic function u = constant is 
normal to the family of curves resulting from setting its 
conjugate harmonic function v = constant. Since the real 
and imaginary parts of an analytic function satisfy La 
Place’s equation, analytic functions play a vital role in the 
study of two-dimensional fields. 


Line Integrals 


Integration for real variables is defined as the limit of 
a sum, or 


[ sou = lim \ SC&DJAX 
" nao fy 


k=) 


+ The italicized term bears no relationship to the previous definition of conjugate. 
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22 22, y2) 
f f(z)dz = 
“Od zi Ce (21, vi) 


where a<&<b 


and an 3 ie 
hae! 
k=1 


This is illustrated in Fig. 8. 

We note that the curve y = f(x) has been sliced into n 
parts by n + 1 cuts. These are not necessarily equal, but 
the largest of these must have the limit zero as their number 
approaches infinity. 

We are now ready to proceed to the definition of a 
line integral. 

Let there be given a curve C defined by the parametric 
equations x = x(t) and y = y(t), where x and y are con- 
tinuous and differentiable. Further, let there be given two 
points on the curve, namely, a = (x,,y,) and b = (x,,y.), 
where x, = x(t,), y,; = y(t,), X. = x(t.), and y. = y(t,). 
Then, if a function f(x,y) is defined at all points of C, we 
can define the line integral along C of the function f from 
a to b with respect to the parameter f¢ as: 


[i y)dt = f neo. y(t) dt 
C/«e4 4 


The right-hand member is an ordinary integral, the value of 
which depends on the values of f only at points of C. 
EXAMPLE 1: Evaluate 


L= f (ydz — xdy) 
Ce (0,1) 


along a straight line. The straight line connecting the points 
(0,1) and (1,0) is given by x + y= 1. Hence, x = 1—y 
and dx = —dy. We must therefore evaluate the ordinary 


integral 
L= f y(—dy) — (1 — y)dy = f dy = 1 
1 0 


EXAMPLE 2: Evaluate the same integral along the first 
quadrant of the circle x? + y? = 1. Here, x = (1 — y?)* 
and dx = —y (1 —y*)-*dy. We must therefore determine 
the ordinary integral 


L = f —y(1 — y')-HMdy — (1 = y)hdy 
1 


f dy bias ] 
= - —— = sin™y 
0 (dl ad yy 0 


Integrals of functions of a complex variable are defined 
as line integrals. Since f(z) = u(x,y) + iv(x,y), we write 


(u + iv)(dx + idy) 


[- v2 
CY (Zi, v1) 


(udr — vdy) +i f as (vdr + udy) 
is 


(Z1, 1) 


Fig. 9—Function y + x = 2. 
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EXAMPLE 1: Integrate 


L= I zdz 
2 


along a straight line as shown in Fig. 9. The straight line 
in question has the equation y + x = 2. Hence, dy = —dx 
and dz = dx + idy = (1 — i)dx. Hence, 


— [ [z + (2 — 2)\( — Ddz = (1 - fF i (2: -3)] 
al 


2 2 
= -(1- 2 + 2] = -20 - 2% = 


L - fs: 
Cc 


around the circle of radius 2 centered at the origin: 


EXAMPLE 2: Integrate 


z = 2e9, dz = 2ie*d6 


Qn 


L= J 4ie6d9 = 2c | = 0 
0 


0 


Then 


Area as a Line Integral 


Consider the area A shown in Fig. 10. It is seen to be 
bounded by the curve y = y(x), the ordinate x = a, the 
x-axis, and the ordinate x = b. The area is given by the 


ordinary integral 
b 
A= f ydx 


in elementary calculus. Consider the line integral taken 
around the boundary of the area. If, in proceeding along 
the boundary, the area is kept to the left of the path, it is 
said to be described in a positive sense. Now 


Q R Ss P 
fou = f ydr + f ydr + f ydr + J ydz 
( c/ P cJQ cJ R c/s 
R s P 
f ydr = J ydz = J ydr = 0 
cJQ cUR c/s 
Q b 
and f ydr = — f ydr = —A 
CY P a 


Hence, we conclude that 


A=- f ydr 
e 


In a similar manner, stemming from the elementary rela- 


tionship that 


A= f ady 


it is readily shown that 


- Se 


Fig. 10—Integrating about a closed curve C consisting of 
functions x = a, y = 0, x = b and y = y(x). 
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Fig. 11—Two functions y2 = x and y? = x. The area be- 
tween the curves (as shown by shaded region) is sought. 


Combining both these results, we obtain a symmetrical form 
for area as a line integral, i.e.: 


EXAMPLE: Find the area between the curves y* = x 
and y? = x from (0,0) to (1,1) as illustrated by shaded 
area in Fig. 11. 

CQi:y = 2? 

C3: y = yl 
Let A = area under C, — area under C, and, using ordi- 
nary integration, 


1 1 om 
A= ridr — Pdr = ane ol, 
3/2 
0 0 
9 ; 


a er ag 


On the other hand, the above expression might be re- 
written as 


l 0 
A= f ridr + f ade = — g ydx 
Ci 0 Co/ 1 Cc. 


where the notation ¢ means the line integral traversing 
the closed curve C bounding area A in the positive sense. 
In view of this notation, we might have stated more 
completely 


A=- pow = gw =4 p — ydz 
c Cc ae 


Simply- and Multiply-Connected Regions 


A region is said to be simply connected if it can be 
shrunk to a point without encountering points not in the 
region; otherwise, it is said to be multiply-connected. An 


Mj pyr 
G » 


| 


Fig. 12—{a) A simply-connected region. (b) A multiply-con- 
nected region. 
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Fig. 13—Shrinking shaded-region R to zero by means of cross- 
cut. 





pani eieeininiignennalitags i 


Fig. 14—Integration of a function over an area in the x-y plane 
accomplished by double integrals. 


example of each of these is given in Fig. 12(a) and (b). 

Every multiply-connected region can be made simply- 
connected by means of cross-cuts. A cross-cut is a cut of 
infinitesimal thickness used as a means of excluding points 
external to the region that would otherwise be encountered 
in the region-shrinking process. This is shown in Fig. 13. 
We are now ready to state and prove a theorem known as 
Green’s Theorem. 

e Theorem 32: Given P(x,y) and Q(x,y) as continuous 
functions in x and y in a simply-connected region with con- 
tinuous first partial derivatives, said region R being bounded 
by an ordinary* curve C. Then 


f Pics Qdy -f f (2-2) as 
( R Or oy , 


Proof: 


1. Referring to Fig. 14, we see that 


. a 5 
00 * at 
i iE drdy = J Lf x | dy 
Or or E 
R e 71 


d 
-f [Q(22, y) — Q(x, y)] dy 


a 
2. But f Q(z, y)dy = feor 
c CBD 
f Qn, y)dy = f Oy)dy 
d DAC 


ac 
3. Hence, f J ag dr dy = fw 
Ox 
R Cc 
— eP 
4. Similarly, f {¢ drdy =— f ac 
R : Cc 


* We define a curve as ordinary if it can be cut by lines parallel to the axes at 
not more than two points. 
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5. Hence, adding, the theorem is proved. 


At this point, we proceed to an important theorem in the 
theory of functions of a complex variable which stems from 
Green’s theorem. It is known as the Cauchy-Goursat In- 
tegral Theorem. 

e Theorem 33: Given a function f(z) = u(x,y) + 
iv(x,y) which is analytic within and on the closed contour 


C. Then, 
¢ f(z) dz = 0 
Cc, 
Proof: 


1. g f(Ddz = go + iv)dzr + i(u + iv)dy 
Cc ( 


=: g (u + iv)dz + (—v 4+ iu)dy 


Cc 


2. Call 


P(z,y) =u+ iw and 


3. Then, p foots rue + Qdy 
( Cc 


4. and 


00 Ov .ou oP ou . OW 
bo = 1 


Q(z,y) = —v + iu 


— = —-—+ 1- and 
Or Or OL oy 


oy oy 


5. Substituting the Cauchy-Riemann equations 
ou - Ov ov ou 


- - and - = — 
or oy or OV 


into the equations given in step 4, we obtain 
00 =aP 


dr soay 


6. But, from Green’s theorem, 


- 4p 
$ f(z)dz = ( ( = -- 2 ) dr dy 
J. Ol oy 
p soon 0 


EXAMPLE: Consider 
SQ) = (2 + ayz® F+ ag7z* + oes 4+ Gaiz + a,,dz 


$ f(2dz = 
c 


for every closed curve C, since each term is everywhere 
analytic. 

It follows from Green’s theorem that a necessary and 
sufficient condition for a line integral to be independent of 
the path of integration is thai 0Q/dx = dP/dy. It is, then, 
not surprising to find the following: 

e Theorem 34: Given a function f(z) = u(x,y) + 
iv(x,y) which is analytic within and on a closed contour 


C. Then, 
J soa: 
o 


is independent of the path of integration, where C’ is any 
path within the closed contour, including the boundary. 


Proof: 


c . 


Hence, 


Now, 


1. Referring to Fig. 15, 


fp soa: = frou + [roa 
Cc. Ci C2 
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a = Ser 


Fig. 15—Line integration over a complete path enclosing an 


area. 
. But fp sone = 
3. Therefore, [rc - [reo = 0 
BC\A AC2B 
4. and frou: = fou: 
ACiB AC2B 


ted 
EXAMPLE: Integrate f zdz 
0 


3+i4 ° ° 
_ (3+ i422 (9-16) + i24 


9 > 


On the other hand, we may first integrate along C,, where 
y = 0 and dy = 0, and then along C., where x = 3 and 
dx = 0, or 


if tid 
[ zdz = f (x + ty)\(dr + idy) 
J 0 


[ (3 + ty)idy 


4 


[ (rdx — ydy) + 
a 

2 8 72 

5 | + 3iy —3 | 


0 


9 4 
wo+i:12-8 
Through employment of the above, we can now show the 
following: 


d : ; 
e Theorem 35: EL sas] = f(z) 


where f(z) is an analytic function throughout a simply- 
connected domain, and the integration is between z, and z, 
any two points in the domain. 

Proof: 


1. Let gz) = [sou =f seas 


where z’ exists along C’. 
2. Letting z + Az be a point of the domain, 


z+ Az 
g(z + Az) — gz) = f S(2)d2' 


3. Hence, 


g(z + Az) — g(2) ae _ /)— #2) de’ 
ete — f(z) = Z| [ f(z’) — f@)]dz 


4. Since f(z) is analytic, it must be continuous at z. 
Hence, for every «>0, there exists a 8>0 such that |f(z’)— 
f{(z)|<e when |z’—z|<8. 
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5. Setting z’—z = Az, it must follow that |f(z+Az)— 
f(z)|<e when |Az|<8, and also that 


g(z + Az) — giz), . | Fer ig ao ie. 
Az Sur} < Az] ~— 


6. Hence, 


lim gz + 42) — 9(2) = ¢ frou: = f(z) 
a 


Az—0 Az dz 


E , d 23 d 2 
XAMPLE: os as" 


An additional conclusion that be drawn from the above is: 


e Theorem 36: f f(2)dz is an analytic function of z if 
20 

the path of integration is in a simply-connected domain, 
throughout which f(z) is analytic. We arrive now at an 
important consequence of the Cauchy-Goursat integral 
theorem known as Cauchy’s Integral Formula which shows 
that the values of an analytic function along the boundary 
completely determine those in the interior of a contour. 

e Theorem 37: If f(z) is analytic within and on a closed 
contour C, and if z, is any point interior to C, then 


1 
f(x) = Oni 
Proof: 

1. Referring to Fig. 16, since z, is an interior point of 
C, there exists a neighborhood distinct from the boundary. 
Let us draw a circle of radius p about z,, keeping p small 
so that the circumference of the circle does not cross C. 

2. The function f(z)/(z — z,) is analytic within and 
on C, except at the point zp. 

3. Applying cross-cuts, the integral over the enclosed 
area between C and C’ of the multiply-connected region is 
zero, according to the Cauchy-Goursat theorem. Hence, 


¢ Jot. dz— $ SG) dz =0 


f(z) oe f(x) dz 


7 = @? 


z Zo 


a ge — So) dz 
Cc Z=—- % 


6. Noting z — 


2 


Fig. 16—Visualization used in connection with proof of 
Cauchy’s integral formula. 
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7. To evaluate the second integral of the right-hand 


member, we write 
= } [ f(z) — f(z) lide 
o 


$2zt a 


si fiz) = Sea g, < f fle) — flee) | | 40 
J 9 


8. Since f(z) is continuous, for all « > 0 there exists 
a 8 such that | f(z) —f(z,) | < « when |z — z,| < 8. Now 
choose p < 8. 

9. Hence, 


f@ — f(z ) dé <s f dé 


and so (2 == | <n 


This means the value of the second integral can be made 
arbitrarily small. Since its value is independent of p, it 
vanishes. 


10. Hence, $2. dz = 2mif(z) 
$ 2°. dz 


EXAMPLE: Evaluate the integral g 
Cc 


dz 
(z + 2)(z + 3) 


where C is the circle |z| = 2.5. We note that, within the 
contour of integration, the only singularity occurs when 
z = —2. Hence, we may write 


dz/(z + 3) 
J z — (-—2) 


where it is clear that z, = 
value of the integral is therefore 27if(z, 
+ 3)] = 2zi. 
We might have attacked this problem in another manner. 
Writing 


dz s dz o dz 
oJ @+VE+3) -fezt+2 fF z+3 


we observe that the second of these integrals is zero, by the 
Cauchy-Goursat theorem. In the first, f(z) = 1, and so the 
integral is 2zi. 

The Cauchy integral formula, in addition to laying 
groundwork for the theory of residues, provides us with a 
basis for studying the derivatives of analytic functions. 

e Theorem 38: Let f(z) be analytic everywhere within 
and on a closed contour C, and let z, be an interior point 
of C. Then 


fae.) a C22) 1] _n! f(@) : 
F™(20) dz" | ~ Oni S$ or 


Proof: This is established by differentiating the Cauchy 
integral of Theorem 35 with respect to z, and then extend- 
ing the result by performing a mathematical induction on 
the order of the derivative. It will be omitted here. 

EXAMPLE: For n = 1, 


tt oo ae j@_, 
Ff’) oni g a dz 


This readily leads to the following conclusion: 


e Theorem 39: If a function is analytic at a point, then 
so are its derivatives of all orders. 
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Proof: Definition of analytic function and Theorem 36. 
We may conclude these results by stating the analog of 
the earlier Cauchy theorem, this one due to Morera: 

e Theorem 40: If f(z) is continuous in the simply-con- 
nected domain, and if 


g f(2)dz = 0 


along every closed path C in the domain, then f(z) is 
analytic throughout the domain. 
Proof: 


i. f(2dz 


is independent of the path of integration. 


f f(adz 


is an analytic function of z (Theorem 36). 

3. Hence, all derivatives of the integral exist. 

4. But the second derivative of the integral is the first 
derivative of the function. 

5. Since the first derivative of f(z) exists, it is analytic. 

It should be noted that the closed path or contour re- 
ferred to here, as in the foregoing, is readily extended to 
multiply-connected domains by means of cross-cuts. 

We now turn our attention to some basic theorems in 
the subject of infinite series with constant complex terms, 
preparatory to examination of the series expansion of 
analytic functions. : 


2. Hence, 


Infinite Series 

Consider the infinite series of functions of z, 

u(z) = u,(z) + uz) + --- +urz)+--- 
which, for z, = x, + iy,, a particular value of z, may be 
written as 
u(z1) = uz) + u2(21) + us(zi) + -° 

It is clear that u,,(z,) = a, + ib,, where a, and b, are real 
numbers. 

Defining the finite sum of the first m terms of the series 
u(z,) as S,, 

Siz) = u(t) + usar) + +++ + una) 
The series u(z,) is said to be convergent if the sequence 
of the sums S,, S., S;,..., S,,... has a limit—i.e., if a 
finite u(z,) = a+ ib exists such that 
lim S, = u(2) 
n—« 

If a finite limit of S,, does not exist as n increases through 
the positive integers without limit, then the series u(z,) is 
said to be divergent. 

If u(z,) converges, it may be written as 


+ ude) + -- 


@ 


u(z;) = uy(z) + ua) + +++ + uaz) + ++ = \ un(21) 
ya 
n=l 
It follows, then, that if an infinite series of functions of z 
converges for ail values of z in a region R, it defines a 
function u(z), where 


o 


u(z) = y un(z) 


n=l 


It should be evident to the reader that much of the fore- 
going has leaned heavily on concepts relating to the real 
number field. For example, what is meant by the limit of a 
sequence of complex numbers? 

Consider the sequence of complex numbers 

Si, Se, Se, &. 
Now, S,, = A,, + iB,, where A, and B, are real numbers. 
We assert, and shall prove: 
e Theorem 41: The necessary and sufficient condition 
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that the sequence of complex numbers converges to a limit 
S =A + iB is that 
lim A, =A _ and lim B, =B 
Necessity Proof: 
1. We shall asume the limit S exists. 
2. $.— S=A,+ B,—-A-B 
= (A, — A) + i(B, — B) 

3. |S, — S| < |A, — A| + |B, — B|, since the 
magnitude of a difference is less than the sum of the 
magnitudes. 

4.|A,—A|<|S,—S|and|B,—B|< |S, —S|, 
since, in fact, |S, — S| = \/(A, — A)? + (B, — B)?. 

5. Now, since, by the assumption in step 1, the limit of 
the given sequence is S, it follows that |S, — S| < e for 
sufficiently large n. 

6. But then, | A, — A| < and |B, — B| < « follows 
from step 4, or lim A, = A and lim B, = B. 

n-+@ no 

7. Hence, if a sequence of complex numbers con- 
verges to a limit, it follows that the real part and the 
imaginary part of each term also converge, respectively, 
to limits. This proves the necessity condition. 

Sufficiency Proof: 
1. Now let us assume 
lm A, =A and lim B, =B 


n> 2 no 


2. It follows that | A, — A| < e/2 and |B, — B| < 
e/2 for « however small, and for sufficiently large n. 

3. But, from step 3 of the necessity proof, | A, — A | 
+ |B, — B| = |S, — S|, and |A, — A| + |B, — B| 
< «/2 + «/2 = «. Hence, |S, — S| < ¢ and lim S, = S. 


n—« 
There follows directly from the above a theorem relating 
to the convergence of an infinite series of complex numbers. 
e Theorem 42: The necessary and sufficient condition 
for the convergence of a series of complex numbers u, + 
uoter*s+u, +°-*- to the limit u = A + iB = S is that 


lim A, =A and lim B, = 8B 
n— © n—> © 
where S, = A,, + iB,. 
Proof: 
1. From the previous theorem, the sequence S,, S,, 
«+o Sy, « « « converges to a limit, or 
lim S, =S 


if, and only if, 
lim A, =A _ and lim B, = 
where S = A + iB. 
2. S, = uy + ung tee? + Uy. 


lim S, = 


n> @ 


or, in the limit, the sum of a finite series becomes the sum 
of an infinite series. 

4. Hence, the limit of the sequence in step 1 is, in 
fact, the infinite series under consideration. Hence, the 
theorem is proved. 

There follows an alternate theorem on the convergence 
of a sequence of complex numbers which leads to an al- 
ternate theorem on the convergence of an infinite series of 
complex numbers. 

e Theorem 43: Given the sequence of complex numbers 
Os he ke ie er es we Bs «4 ON 
necessary and sufficient condition that this sequence has a 
limit is that, corresponding to an e however small, there 
exists a positive integer m such that |S, — S, , ,| < ¢ for 
b= 1.2..3, 5539 a 2 mM: 
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Necessity Proof: 
1. Assume S is the limit of the sequence S,, S,, S,, 


eees noe eee 


2. If n is sufficiently large, and we may choose n 2 m, 
since lim S, = S, it follows that |S, — S| < «/2 from 
n—+> © 
the definition of a limit. 
3. But also, | S,,,, —S| < «/2, where k = 
4. Hence, adding steps 2 and 3, 
S, —S|+|S—Sian| <e 
5. But |S, —S,.x%| < |S, —S|+|S—S,.x|. 
6. From steps 4 and 5 it follows that | S, — Sy...) <«, 
wae hoes 1: 2. 8. ai 
7. Hence, if lim S, = S, then |S, — S,.,| < ¢ for 


n 
ee WR SESS. cu 
Sufficiency Proof: 
1. Now, assume |S, — S,.,| < ¢€ for n 2 
-3 


2. We shall show that lim S, = S, or |S — S,| <« 


ip ae 


k 


follows. 

3. Sn — Sax | = |S, —S +S — Six] < |S, — S| 
+|S—S,,,|. 

4. Hence, |S, — S| <<e—|S— 
steps 3 and 1. 

5. Hence, if form = m, k = 1, 2, 3,..., |S, — Syix! 
< e and lim S, = S. 


S,.x| < « from 


n— © 


An instructive geometric interpretation of the foregoing 
is now presented. 

Among the points in the plane represented by the infinite 
sequence of complex numbers S,, S., S;, . «+, Spy eee; 
which has the limit S, there is a point, S,,, which represents 
the center of a circle of radius e« such that all succeeding 
potmte So. «os Oi: «ost & te << « ee lee Cie cos: 
Further, and implicit within the statement of the theorem, 
it follows that if a smaller radius, say «’, were chosen, we 
could again find a point S,,, which represents the center of 
a smaller circle of radius ¢’, such that all its succeeding 
points Si. , 15 Sm: 4 oo Sms 4 39 © « - are within it; and further, 
that the smaller circle would lie completely within the 
larger circle. If the process of choosing circles of smaller 
and smaller radii were continued, it is clear that, in the limit, 
a point would be contained within all of them: this limiting 
point is S, the limit of the sequence. 

e Theorem 44: The necessary and sufficient condition 
that the series u, + u, +***+u, + ** * converges is that, 
for a positive number e, however small, there exists an 
integer m such that |u,,, +U,,2+***+unye| Se 
fora > meen & = 1. 2. 3h a0: 

Proof: 

1. Recall that the finite sum S, = u, + u, +*** + uy. 

2. By definition, the infinite series converges if, and 
only if, the sequence S,, S,, S,,..., S,,... has a limit. 

3. But the sequence has a limit if, and only if, 
| Sa — Sgn < ofowk = 152, 3,... ann 2S om. 

4. 1S. — Soa nl =lunarit Unset ee? t+ Unie 

5. The theorem follows at once. 


Infinite Series with Variable Terms 


Let us now turn our attention to a more general subject, 
namely, series with variable terms. Let f,(z), f,(z), .. +, 
f,(Z), «+.» represent an infinite sequence of arbitrary func- 
tions. Let z be an arbitrary point (or set of points) corres- 
ponding to which there exist all f,(z), mn = 1, 2, 3,.... 


y fn€z) 


does not necessarily converge. 
An ordinary power series has f,{z) = a,z", and those 
values of z for which 


Then, 
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¥. f(z) 


n=O 


does not converge are those values of z comprising the 
interior of a circle centered about the origin, called the 
circle of convergence. The points on the circumference 
may or may not converge, and will depend on the particular 
function under investigation. The points external to the 
circle of convergence will, in general, produce divergence. 

We shall prove that Taylor’s series may be extended to 
complex variables. 

e Theorem 45: If f(z) is analytic at all points interior to 
a circle C, then “ 

td N f 2) ae 
or 


where z, is the center of C. 
Proof: 
1. Let z be any interior point and let |z — z,| =r. 
2. Hence, r < R = the radius of C. 
3. Let C, be a circle centered at z, and of radius R, 
smaller than R containing the point z. This we may do, 
since z is an interior point. Hence, r <<. R, < R. 


= f(zaddz, 
2Qri CO a=? 


1 —-—— 


4. Hence, f@ 


5. Now, 


7 


Zo 
6. Consider the expansion of 


l ; a 
—-=]Jl+2747r4+-.---+4+ 777! + 


l : l--z 


If we set x = (z — z,)/(z, — Z,), then the expression for 
1/(z, — z) becomes 


a 


8. Introducing the factor and integrating term by 
term, wherein, we recall, 


I f(z)dz, 
2nt | (a. —- ay 


| Saar 2 On 


nm: 


9. But the left member is f(z); hence, the theorem 
is proved. 


Laurent’s Series 


A theorem follows that will be found useful in the 
subject of the Theory of Residues. 
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e Theorem 46: If f(z) is analytic in the region R, an 
annulus between two concentric circles C, and C, about the 
point z,, then, at each point z within R, not on the bound- 
ing circles, f(z) may be represented by a convergent series 
of positive and negative powers of (z — Z,), so that 


+a 


f(z) = >. a,(z — 20)" 


f(’) 


7, yn 
20 


where dz’ 
and z’ is a point of either C, or C,. 
Proof: 
1. Through the use of cross-cuts, we may employ 
Cauchy’s integral formula (Theorem 37) to obtain 


fe) = 3—,[ f# dz’ — f fe) a:'| 
«Tl Cc : =F Co >, =< 


2. The denominator of the first integrand may be 
expanded as follows: 


??—-nm)—-G@—n) 2 


Z¢ 


AY: + oes « 
z — z)*! (z — 20)" 
- a 
z’ — z)" (z’ — 2)™(z’ — z) 
3. The denominator of the second integrand may be 
written 


] l I 
alll cae te 7 ae a cee glee tea 
< < < “0 « <0 oo 
— a 
j-D> 


Again, employing the aforementioned expansion, and 
noting that the expression in step 3 is the expression in 
step 2 with primes unprimed and unprimes primed, we have 
at once 


>’ 7 
2 Zo 


_ = 20)"(z me > 


zt ¢ 


4. Now, substituting the results of steps 2 and 3 into 
step 1, it follows that 


(27i)f(z) = fz e+ G — % fe ae ate 


f( ' f(z’)dz’ 
- dz’ + (z — 2%)" . : —— 
a — ( 0) ff G@ — 2) — 2) + 


Cc 


: I . freee + G I > fe — zo)f(2’)d2z! + +++ 4 
= 20 ¢, sor we 


1 ' “ff>!\do! ] z’ — % 
—— z’— zw)" "f Iz a a eee 2')dz’ 
G— wn)" Jf 0)" 1f(z')dz’ + sna - 7 f(z’)dz 


5. Let us write 
_f@) 


—_— 7,)ntl 
“0 


dz’ 
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so f(z) can be written 


(z) = ao + a,(z — 2) + ++ + Gn (z — 2%)" + Ra 4 


a_2 


a_—n» 
ca + — 


G—-aet 


f(z’) 
2’ — wz’ — 2) 


| z' — 2% 
On =  £(2’)dz’ 
ee gp [Sm 


6. Since R, and Q,, can be shown to approach zero as 
n becomes large, clearly 


dz’ 


+ 


f(z) = y a,(z — %)” 


-@ 


Theory of Residues 


Let f(z) = a_,/(z + a). Then, f(z) is seen to be analytic 
everywhere except at the point z = —a, which is an isolated 
singular point. 

Consider any circle C with —a as center. The function 
f(z) is analytic on and between C and any circle C’ of 
larger radius. It is thus clear that the Laurent expansion of 
f(z) about —a is simply f(z) = a_,/(z + a); all the other 
coefficients are identically zero. But, from Theorem 46, 


1 , *! 
01 oF ; f(2’)dz 


If we now let z denote any point except the singular 
point, —a, we can write 


[roe = ¢ 
o 


The coefficient of 1/(z — z,) in the Laurent series ex- 


pansion, a_,, is called the residue of the function at Zp. 

It is seen that contour integration can be performed by 
the algebraic operations of determining the residue of the 
function. The result is extended to a function having a 
finite number of singular points, since these are necessarily 
isolated through the use of cross-cuts. 

e Theorem 47: If a function is analytic everywhere 
within and on a closed contour C except at a finite number 
of interior points, and if r,, r., ..., 7, denote the residues 
of f(z) at those points, then 


p sou = 2ri S' rs 
© bo! 


-_ 


Poles: \f the Laurent Series expansion of a function f(z) 
about the isolated singularity z, contains a finite number of 
negative powers of (z — z,), say &, such that the term 
a_,/(z— Z))* appears and all terms a, _;,j = 1, 2,3,... 
are identically zero, then z, is called a pole of order k of the 
function f(z). When k 1, Zz) is called a simple pole. On 
the other hand, when there is an infinite number of negative 
powers of (z z,), then z, is said to be an essential 
singular point of the function f(z). 

Let f(z) have a pole of order k at z,, and let us define 
F(z) = (z — z)* f(z). Recalling the Laurent Series expan- 
sion for f(z). it is clear that lim F(z) = ax 


+20 


since F(z) = a_\(z — 2)*"! + a_o(z — mt? + 


coe +a. + Oe Qn(z — 2)"** 


0 
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But F(z), as written above, is a Taylor’s Series expansion 
about z,! Hence, 


sb ain es en ; 
“=! d= ] , &-D)ige [« - 242) | 
Of course, if kK = 1, z, is a simple pole and, as shown above, 


a_, = lim (z — z)f(z) 


2-2 


EXAMPLE 1: What is 


J z+1 / 
Sur Lae = 
. (z + 2)(z + 3)? 


when the contour C surrounds the poles? Here, f(z) = 
(z + 1)/(z + 2)(z + 3)*. There is a simple pole at 
z = —2 and a pole of second order at z = —3. A Laurent 
Series expansion would yield the residues, but more 
directly: 


Residue at (z 


lim (z + 2) E foe 3) ] e 


Residue at (z = —3) = 


, 1 df2+1)_@+2)-@+D 
jim 7 Gls] (z + 2" | =] 


int 
fe = 2ri(l — 1) = 0 


EXAMPLE 2: Determine 


J dz 
‘ 2+1 


the contour surrounding the poles. Here, 


Hence, 


JQ) "a4 "GF 0G-9D 


There are two simple poles, one at z = —i and the other 
at z = +i: 
Residue at (z = —i) = 


. : . 
= [« .: re + iz — a] = 


Residue at (z = +i) = 
, l 
| z-i ‘ = 
oka [« DG + i(z — 5 | 


fie ote (5 i 3) =0 


EXAMPLE 3: The response of a simple shunt RC circuit 
to a unit step of current is given by the integral 


Hence, 


RW = 5. f iil 


:. ( l 
cY z({z+ 
Re) 


where / is the current, C the capacitance, and R the re- 
sistance. Determine the response, R(t). Here, 


ezt 


l 
2 (2 + RG 


has two simple poles, one at z = 0 and one at z = —1/RC: 


(2) = 


Residue at (z = 0) = 


: est e 
lim 


lim => 17RC = AG =~ FC 





Fig. 17—Poles and residues of f(z) = 1/(z? 4 


] 
Z@+1F +0 -—v0 
Note in Fig. 17 that f(z) has the pole z +i as the only 
pole in the upper half-plane. If we were to integrate f(z) 
over the contour C consisting of C’, the semicircle of radius 
R, and the x-axis (seen in figure) we should have 


DSi , ‘3 
f(z)dz z)dz 
r a ¢ cz) J (2) 


It may be shown that the last integral vanishes as R 
tends to infinity, so 


dr 
| (2? + 1) g sam 


f(z) = 


5 l 
Residue at (: =— Rc) 


t ent Re 
rc 2 1/RC 


| 
Hence, 
Pa le 


= — RCe-t/ Rc 


f z)dz IRQ — eke) = Rb 


We thus desire the residue of the third-order pole at z 


7 - E , v], + 


i 
d 


d 
dz E 


In general, La Place transform theory depends on the i. 


theory of functions of a complex variable. 


EXAMPLE 4: Integrate 


ne 


dr 
; (r? + 1) 


—@ 


where x is a real variable. Consider 
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mY atchers 


The matching circuit is an essential part of any system employing digi- 


tal computations. Various forms of logic circuits (diode logic, transistor- 


resistor logic) can be used in the design of digital matchers. It will be 


shown, however, that a digital matcher with a number of bits to be 


matched can be realized most economically with transistor-resistor logic 


— especially if the complements of one of the variables are available. 


RICHARD E. LESLIE 

FERDON CRAWFORD 

AIRBORNE INSTRUMENTS LABORATORY 
Division of Cutler-Hammer, Inc. 


Deer Park, New York 


DIGITAL MATCHERS, or coincidence indicators, are elec- 
tronic logic devices that compare two digital words on 
a bit-by-bit basis and indicate when the words are iden- 
tical. They are useful in control systems where control- 
ling commands may be given in digital form and must 
be matched to the digitized variable. Digital matchers 
are also used widely in computers for determining the 
correct instant for reading from (or writing into) a 
memory in which the information is moving with respect 


Fig. 1—Block diagram of basic digital matcher. 
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to the read station. A magnetic drum is an example of 
this type of memory.(])* 

In such digital applications, the read address is pro- 
grammed into the address register and serves as one set 
of inputs to the n-bit matcher. The address of the word 
at the read station is converted to parallel form and 
serves as the other set of inputs to the matcher. As the 
drum rotates, the word address is continuously changing. 
When it corresponds on a bit-by-bit basis to what is in 
the address register, the matcher sends a pulse to the 
read station and the word is read out (Fig. 1). 

Principles of Operation. The digital matcher must 
compare two sets of inputs on a bit-by-bit basis and de- 
termine when each bit is identical to its counterpart. A 
truth table for such a comparison is shown in Fig. 2. In 


* Italic numerals in parentheses refer to Cited References at end of article. 





Fig. 2—Truth table for digital matcher operation, 





Fig. 3—Two basic logic circuits for digital matching. That at 


(a) is a standard half-adder which solves the equation 
aA + aA = M. Circuit at (b) is simpler and solves the equi- 


valent equation aA + (a + A) = M. 


Fig. 4—Figure 3(b) expanded to match n bits. 


Fig. 5—Basic circuit for a matcher when the complement of 
the address is available, 


this case, a “1” output from the matcher indicates identity 
of bits and a “0” indicates a mismatch. The logic equa- 
tion for this process is 


aA+dA=M (1) 


where a and A are the inputs and M is the output. The 
circuit implementation for this equation is shown in 
Fig. 3(a). It will be recognized as a standard half-adder, 
requiring two AND gates, two inverters and an OR gate. 

By the use of a standard Boolean algebra identity 
(aA = a+ A), Eq (1) can be converted to 


aA+(a+A)=M (2) 


The circuit can now be simplified to that shown in 
Fig. 3(b). 

Assuming that n bits are to be matched, the equation 
for a match between all bits is 


(aA +a+A)bB+64+B)XcCC+e+C)---=M = (3) 


The circuit diagram for Eq (3) is shown in Fig. 4. Many 
times (for instance, if the address is stored in a register 
composed of binary flip-flops) the complement of the 
address is available without inverting. In this case, a 
match should occur when the address corresponding to 
the stored information is the complement of the command 
address word. The logic equation is then 


Aa+dd = M (4) 


The circuit implementation for this equation is shown 
in Fig. 5. 

On the other hand, the matching logic, when the com- 
mand complement is available, can be stated so that a 


Fig. 6—Logic diagram (a) to solve equation at + (a + A) 
= M, and (b) actual diode-transistor circuit. 
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match is not obtained when a = A or a = A. Thus, 
Aa + Ad = WV 


Inverting, 


(6) 


aA+(a+A)=M (7) 


Equation (7) is implemented in Fig. 6(a). Figure 6(b) 
shows the actual circuit required. It can be seen that, 
while Eq (7) appears more complicated than Eq (4), the 
circuit is comparable. 

Computer Example. As an example of the use of 
digital matchers, we will consider a computer which has 
a 512-word memory requiring a 9-bit address. The ad- 
dress register consists of flip-flops so that the address 
complement can be used if desired. We will illustrate 
several approaches to the design. 

@ Uncomplemented Address, Diode Logic.(2) To ob- 
tain a 9-bit match, the outputs of the individual bit 
matchers must be AND-gated. Using the uncomplemented 
address, the logic equation is the same as Eq (2), and 
the basic circuit is the same as Fig. 3(b). The detailed 
circuit is shown in Fig. 7. An emitter-follower follows 
each stage to provide a low-impedance drive to the out- 
put diode AND gate. 

e@ Uncomplemented Address, Transistor-Resistor Logic. 
The number of active components used in the previous 
example can be reduced if transistor-resistor logic (TRL) 
is used. The basic circuit to be used is a TRL Nor, which 
is a combination of an OR gate followed by an inverter. 
Equation (2) is now rewritten 


Aa +(A +a) + B+ (B+) +1i+0 +) = 


Figure 8 is the circuit for this equation. Although the 
number of diodes has been reduced, the number of re- 
sistors has been increased, and two additional transistors 
are required. 

@ Complemented Address, Diode Logic. When the 
complement of the command is available, Eq (7) is 
applicable. Since a coincidence in the outputs of each 
bit matcher is required for a word match, the complete 
equation is 


M (8) 


(Aa +4 + a(Bb + B +5): 


This can be rewritten 


- (i+ T+i +i)=M (9) 


(Aa) +(A +a) + (Bb) + (B+) +- ++ 7+ = 


s) 
Equation (10) is preferable to Eq (9) since it theoretic- 
ally requires only an inverter at the output rather than 
one inverter per bit. The circuit for Eq (10) is shown 
in Fig. 9. The maximum number of diode inputs to the 
OR gate for reliable operation has been found to be eight. 
Therefore, three 6-input gates were used in Fig. 9. Com- 
paring Fig. 9 with Fig. 8 will indicate a saving in com- 
ponents in the former. 
@ Complemented Address, TRL. Transistor-resistor 
NOR units are particularly useful in the implementation 


of Eq (10 


), where the A, B, etc., commands are available. 
The TRL version of the 9-bit digital matcher is shown 
in Fig. 10. It can be seen that, although the number of 
resistors is increased over that of Fig. 9, far fewer 
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Fig. 7—Diode-logic circuit for 9-bit matcher with uncomple- 
mented address. 


oy seine 


ssa le 


= 
je 
| 
L_TRL_NOR _y 


82 resistors 
18 diodes 
20 transistors 


-12 volts 


Fig. 8—Transistor-resistor logic with uncomplemented address. 





-12 volts 


“12 volts 


stherwise noted 
resistor values are 33k 
Jiodes are type 1N625 
transistors are type 2N338 
Fig. 10—Transistor-resistor logic circuit with complemented 
address. 


Fig. 9—Diode-logic circuit when address complement is avail- 


able. 


diodes are required, thereby increasing the reliability of 
the circuit. 

The methods and techniques with regard to parameter 
variations over wide temperature ranges used in design- 
ing a circuit such as that shown in Fig. 10 are beyond 
the scope of this article.(3) However, it should be pointed 
out that the values of the resistor inputs to the 2-input 
NOR gates are not too critical, but the use of the values 
shown permits wide variations (due to normal tolerances 
and temperatures) to take place on either side of the 
nominal without affecting the circuit operation. (The 
circuit operates over a temperature range of —55 to +85 
C for worst-case component tolerances.) 

A design analysis would indicate that the output or 
function could be realized by a combination of Nor cir- 
cuits, each with a maximum of nine inputs. For reliable 
design, however, 6-input gates were used so that three 
NOR’s were required. The outputs of the 3-output inverter 
transistors are OR-gated through the 10 k resistor which 
is connected to the 12-volt supply. Should any of the or- 
gate inputs be a “1,” its corresponding transistor will 
become saturated and the output will be a “0.” 

It will be noted that, with the use of TRL logic, the 
transistor inverters are saturated and drawing maximum 
current for the greater part of the time. In the worst case, 
however, with all the bits matched, the maximum current 
drain for the 9-bit matcher is only 10 ma from the +12- 
volt supply and 0.16 ma from the —12-volt supply. With 
all the bits not matched, the +12-volt current drain drops 
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to 7 ma, and the —12-volt current is essentially un- 
changed. For the major portion of the time, the current 
load lies between these two extremes. 

As was mentioned previously, TRL circuits have rela- 
tively poor speeds of response. The circuit in Fig. 10 
has a total match-pulse delay plus rise time of 3 psec. 
In the application for which it was designed, this speed 
is entirely adequate. For higher speeds of operation, 
resistor-capacitor-transistor logic may be used. In this 
case, all of the base input resistors would be by-passed 
with capacitors having a value of about 220 pf. The 
delay plus rise time can thus be reduced to slightly less 
than 0.6 psec using 2N338 transistors. The use of 2N706 
mesa transistors would further reduce this figure to 
0.3 psec. oOo 
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Electrical Analog /or 


Vibration-Damping Measurements 


When evaluating the damping characteristics of a vibration- 


deadening material, the accuracy of the electrical measuring 


circuits must be checked periodically. Substituting an electrical 


analog circuit with known parameters for the test specimen 


provides a simple checking method. 


WALTER HAND, Supervisory Electrical Engineer 
Naval Material Laboratory 

New York Nava SHIPYARD 

Brooklyn, New York 


LINING SHIP HULLS with vibration-damping material can 
reduce interference with sonar and other underwater 
sound devices by reducing transmission of noise. To im- 
prove reliability of measurements made in the develop- 
ment and testing of vibration-damping materials at the 
New York Naval Shipyard’s Material Laboratory, an 
electrical analog of a damped mechanical vibrating sys- 
tem was devised to provide a stable method, independent 
of damping-specimen, for checking the test circuit shown 
in Fig. 1.* 

The analog circuit of Fig. 2 generates an exponentially 
decaying sinusoidal signal whose frequency, logarithmic 
decrement, and initial amplitude may be adjusted to 
simulate vibration-measurement conditions. By determin- 
ing resistance, inductance and capacitance of the circuit, 
frequency and decay rate of the signal can be computed 
and compared to corresponding values obtained experi- 


* The opinions or assertions contained herein are those of the author and should 
not be construed as reflecting the opinion of the Department of the Navy and the 


naval service at large. Mention of commercial instruments in the text in no way 
implies an endorsement of these products by either the Navy or the author. 
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mentally when the analog circuit is used in vibration- 
damping tests. 

In measuring the decay rate of damping materials, 
the steel disk shown in Fig. 1 is struck and the decaying 
vibratory signal is observed and measured on a retentive 
oscilloscope screen. The analog circuit produces an ex- 
ponentially decaying oscillation similar to that observed 


atee!l disk with 
adhered damping 
/material 
- 4 able filter 
Preamplifier, —s 


Spencer-Kenned 
Kin Tel M114B Speer Cee 


Model 302 


Model 2213 
Endevco 40-db amplifier, 
Hewlett-Packard 
’ Model 250A 
Memoscope, ee eae 
Hughes 
Mode! 104D 


Fig. 1— Naval Material Laboratory instrumentation for analyz- 
ing vibration-damping characteristics of viscoelastic materials. 
The optional 40-db amplifier and logarithmic converter are used 
to obtain linear rather than exponential decay envelopes. 





Fig. 2— Electrical analog circuit simulates vibrational-measure- 
ment conditions. 


with the disk. Since the properties of this analog signal 
are known through the circuit parameters, the test re- 
sults can be checked. Recalibration of the system is indi- 
cated if predicted decay rate and frequency of the 
analog circuit do not correspond to measured values 
made with the instrumentation. 

Operating Principles. With switch S of the analog 
circuit of Fig. 2 in position a, capacitor C charges to 
battery voltage E. With the switch in position b, the 
capacitor discharges through the inductor and resistor 
which now form an RLC discharge circuit. The test signal 
appearing across resistor R is a direct function of current 
and is equal to R X i X t. Thus, characteristics of this 
voltage may be determined from theoretical considera- 
tions of the circuit current. 

In the analog circuit, the instantaneous current i during 
discharge may be obtained from the solution of: 


di . . 1 . = 
Lat (Rh + Rit af ia =0 (1) 


The mechanical analogy of Eq (1) may be developed 
(1)* from a system having a mass m, damping c, and 
spring constant k, so that its displacement y, at any 
instant ’t, after a driving force has been removed is 


m2 sy rkfyano (1) 


The structural equivalency of Eqs (1) and (la) is 
evident and their solutions will therefore be similar, in- 


dicating one form of analogy between the electrical and 
mechanical systems. 


Differentiating Eq (1) and letting d/dt = p, 
(Lp? + (R + R1)p + 1/Cli = 0 


Hence, 


, = OR + Rr) =VR+ Ry — 4L/C 


is 2L 


(R + R1)/2L 


= V(R + R1)/4L? — 1/LC 
* Italic numerals 


in parentheses refer to Cited References at end of article. 
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then 
p=-a+b 
The complementary solution of Eq (2) is of the form 
i = ke 2th! +. Rae(-9-H)t (3) 


Since the current ultimately becomes zero as the circuit 
discharges, the complete solution is identical to the 
complementary solution expressed in Eq (3). The con- 
stants k, and k. are evaluated by imposing known bound- 
ary conditions when t = 0 and i = 0. In Eq (3), 


ki + ke =0, or ky ky () 


From Eq (1), and by definition of capacitance, 


vc f idt=q/C = -L4 —(R+Rz)i 


all ; , 
CL dt CCR + Rr) 


Substituting Eq (3) and its derivative in Eq (5) and 
simplifying: 


q= =CL, [ki(—a + b)e—e*b)t + k(—a _ bye—2-®)#} dun 
CCR + Rx) [ket * + Reo *] (6) 


Imposing Eq (4) and the initial condition that q = Qo 
= CE when t = 0 in Eq (6) and solving: 


k, = —E/2Lb (7) 


ky = E/2Lb (8) 


If the values of k,, k. and b are substituted in Eq (3), 
the general expression for current becomes 


i = [CE/ VR + Ri — ALE lee" — eo] (9) 


Since 


Fig. 3 — Current-time response of underdamped RLC circuit. 
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6 =V(@R+ RAL —1/LC 


the results may be real, imaginary or zero, depending on 
the relative values of the circuit parameters. 


When 
(R + R1)?/4L? > 1/LC 


the exponents of e in Eq (9) are real, the action of the 
circuit is similar to the behavior of an overdamped me- 
chanical system (J) and not the oscillatory case which 
is of interest here. 


When 
(R + Rz)?/4L? = 1/LC 


b = 0 and the exponents of e are real and negative. This 
condition is of limited interest since such a circuit is 
considered critically damped. 

The underdamped condition, which is of primary 
interest in vibration-damping studies, occurs when 


(R + R1iy?/AV <1/LE 
and b is imaginary. Evaluating the expression for b, 
b =v (—DII/LC — (R + RLYAL) = 8 
where 
6=V1I/LC—(R+ RLYY/AL 
Substituting in Eq (9) and employing Euler’s equation, 
e+i8t = cos Bt + J sin Bt 


Equation (9) reduces to 


—CEe-2 248 
ee (10) 
1 VR + Roe — 410” 
Since 
(R + R1)°C? < 4LC 


and the denominator of Eq (10) may be written as 
jv4LC —(R + RiYC 


substituting these in Eq (10) provides the final expres- 
sion for current in terms of all real quantities: 
ee 2L ere a ain 
j =< — Cee ee — sin [VI/LC — (R + Ri /4LIt (11) 
V4LC —(R + RiYC? 
A graphical representation of Eq (11) is shown in Fig. 3. 
The frequency of the oscillation, f,, is obtained from 
the oscillatory term since a complete cycle must be 27 
radians. 


f, = 1/2eV1/LC — (R + RiP AL (12) 


The equation of the envelope or boundary curve is ob- 
tained from the initial amplitude and the damping term 


of Eq (11)) as 


— 2CEe~(8+8 ene 


i oe io — —___— = Ae (R+R ) )t/2L (13) 
Vv 4LC — (R + R1Y°C? 


where A represents the initial amplitude. 
The logarithmic decrement in decibels per second, 
decay rate, of the envelope of the decay curve is 
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b = 20 logue (14) 
1 


where i, == current at ¢ = 0 sec and 1; current at 


l lL sec. 


From Eq (13), the currents at the points are 


lo = 
i 1 = 


Substituting the above in Eq (14) and simplifying, 


p = 463K + Ry 


~ db/sec (15) 


Equation (15) expresses the damping rate of the cir- 
cuit. There are several methods by which R and L may 
be measured; the choice will probably be determined 
by the availability of suitable instruments. It is important, 
however, that the measurement of circuit components be 
made close to the resonant frequency f, to eliminate 
error due to frequency effects. 

Measurement of Circuit Parameters. The methods 
used by the Material Laboratory to measure the analog- 
circuit parameters are shown in Figs. 4 and 5. In the 
circuit of Fig. 4, the oscillator frequency is varied for 
circuit resonance, f,, determined by the peaking of 
VTVM-2. The oscillator output is adjusted to produce a 
convenient reading on VTVM-1 and is maintained at 
this value throughout the measurements. The oscillator 
frequency is then adjusted to the half-power points above 
and below resonance, as measured by VTVM-2, so that 
the voltage across R is 0.707 times the voltage at reson- 
ance. If the change in frequency is Af between the half- 
power points, it may be shown that 


A fo as 2rfol be l 
QO =a ~R+ Ri ~ Inf RF RD (16) 


To determine C for use in Eq (16), the circuit of Fig. 
5 is set up using the capacitor of Fig. 4. Selecting a 
calibrated, non-inductive resistor, R,, approximating the 
expected reactance to the capacitor, the oscillator is set 
at f,, obtained during the determination of Q above. 
Voltages V,, V. and Vg, are measured with a vacuum- 
tube voltmeter. Capacitance C is then determined from 


C = Vpr,/2rf.R.V. farads (17) 


Since the capacitive reactance equals inductive reactance 


Fig. 4— Test circuit for measuring parameters of the analog 
cirenit. 





Fig. 5— Circuit for determining the value of C to be used 
in Eq (16). 


at resonance, the inductance of the coil of Fig. 4 may 
be determined by 


I 1/(47°f.°C) henries (18) 


Using either L or C of Eqs (17) or (18) in Eq (16), 
(R + R,) may be determined and used in Eq (15) to 
obtain the decay rate of the analog circuit. 

The ratio of the damping of the underdamped circuit 
to the damping of the critically damped circuit (per cent 
critical damping) may be determined from the following: 
when the circuit is critically damped, the expression 


V 1/LC — (R + RiP /AL 
in Eq (11) is equal to zero, and therefore: 
1/LC = (R + Rr)? /4L? 
Thus, 
(R + Ride = 2V L/C (19) 


where (R + R,) , is the critical damping resistance of 
the circuit. Employing Eq (19), the per cent critical 
damping is: 


per cent C/C, = (R + R1)(100)/(R_ + Rie 
= {((R + Rz)/2] Vv C/L (00) (20) 


Application. Since R, is an inherent property of the 
inductor, damping of the circuit should be varied only 
by exchanging calibrated resistors for R. The signal 
frequency, Eq (12), is best varied by changing C. How- 
ever, the circuit parameters should be re-determined at 
the new frequency. By proper selection of R, C and L, 
almost any single-frequency mechanical-damping signal 
may be duplicated by a stable signal whose decay rate, 


Fig. 6-—— Schematic of logarithmic converter shown in Fig. 1. 


C/C,, and frequency can be computed from electrical 
constants. 

The analog circuit is especially useful when a loga- 
rithmic-conversion circuit is incorporated in the vibra- 
tion-damping measuring system of Fig. 1. When a loga- 
rithmic converter (such as in Fig. 6) is used, the analog 
signal can also provide a means for evaluating both the 
range over which the system is logarithmic and the 
accuracy of its calibration. Inasmuch as the envelope 
of the analog signal is an exponential decay curve, it 
should become a straight line in a logarithmic system. 
The slope of this line will be related to the calibration 
of the system by 


CF 
)= an a 
/ T/D (tan a) 
where 
D = decay rate in db/sec [Eq (15) ] 
CF = calibration factor of vertical axis of oscilloscope 
in db/division 
7 /D = horizontal-axis calibration of oscilloscope in sec/ 
division 
tana=slope of envelope of logarithmically converted 
exponential curve 


Curvature in the slope envelope is indicative of deviation 
from logarithmic conversion. 

The analog circuit provides a means for checking the 
operating characteristics of vibration-damping measuring 
instrumentation by a procedure independent of me- 
chanical parameters. Since the damping characteristics of 
an analog-circuit signal can be determined from the elec- 
trical constants of the circuit, the results of measurements 
of analog test signals on vibration-damping instrumenta- 
tion can be compared to known values and the operating 
characteristics of the measuring system thus evaluated. 


e Examp.ie. The parameters of an analog circuit devel- 
oped by the Material Laboratory to simulate an 8-in. diam, 
3g-in.-thick steel disk to which was adhered a 1-in.-thick 
filled-epoxy-polyamide hull-damping material (2) developed 
by the Naval Material Laboratory are as follows: 


R = 10 ohms R, = 13.6 ohms 


L 0.0224 henry 0.2019 uf 


Employing the equations of the text, the following circuit 
properties are determined from the parameters above: 


f, = 2370 cps, from Eq (12) 
D = 4580 db/sec, from Eq (15) 
C/C, = 3.54 per cent, from Eq (20) 


c 


These computed values were found to check with values 
calculated from analog-circuit measurements made on the 
Material Laboratory vibration-damping measuring system 
with deviations of less than 3 per cent. oOo 
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Fig. 1—Approximate selling-price trend for typical semicon- 
ductors. 
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Possible applications of the newer semicon- 
ductor and other devices are considered for 
performing such functions as switching, 
timing, sensing and control (plus power 
conversion), now that component prices 


are rapidly descending. 


JOHN D. HARNDEN, JR. 
General Engineering Laboratory 
GENERAL Exvectric ComMpANY 
Schenectady, N. Y. 


FROM THE BEGINNING, switching, timing, sensing, pro- 
tection and control functions required in consumer prod- 
ucts have, for the most part, incorporated electrome- 
chanical elements such as relays, switches, diaphragms, 
motors, bimetals, levers, cams, and hot wires. There have 
been attempts to replace such devices by vacuum tubes, 
thyratrons, cold-cathode tubes, saturable reactors, mag- 
netic amplifiers and thermistors, but very few of these 
have obtained acceptance. This has been due largely to 


Based on a Conference Paper presented at the AIEE Winter General Meeting, Feb- 
ruary 2, 1961. 
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high cost, poor reliability, low efficiency and size and 
weight considerations. In recent years, the solid-state 
field has been providing new components at a rapid rate, 
some of which appear to be ideally suited to appliance- 
control applications. Some possible uses will be pointed 
out to engineers involved in the design of consumer 
products. 

To meet the requirements of the military, manufac- 
turers of solid-state devices have been continually im- 
proving reliability, far in excess of most needs in the 
consumer products area. Absence of moving parts (with 
the associated wear, arcing and vibration problems) also 
contributes to reliable operation over long periods. High 
efiiciency, instant operation (no warm-up period), very 
low standby power, and very fast response are other 
characteristics. In addition, small size, light weight, quiet- 
ness and high electrical amplification may be of prime 
importance to a designer considering totally new product 
ideas. 

A feature related primarily to product modification is 
the ease with which solid-state components can be changed 
in order to provide different operating properties. Usu- 
ally, only the addition or omission of small items such as 
resistors and capacitors is involved. Such changes can 


often be carried out with minimum packaging and 
assembly modifications. 

It is expected that most control components would not 
require attention for the life of the appliance. However, 
when attention is needed, improved serviceability could 
be obtained through use of plug-in modules. Sensor and 
pilot-device replacement would be less costly, since only 
an inexpensive signaling unit would be involved rather 
than a power device. 

Sparked by the invention of the transistor, many equally 
important semiconductor devices have appeared during 
the past decade, including silicon controlled rectifiers, 
Zener diodes, unijunction transistors, four-layer diodes, 
“backward” diodes and tunnel diodes. Cost may no 
longer be an obstacle to using these components in con- 
sumer products. Figure 1 plots the trends in average 
dollar costs over the past few years for several types 
of semiconductor devices. Similar trends should be ap- 
plicable to other solid-state devices such as photoconduc- 
tors (photoresistors) and thermistors. There are several 
“keys” to such rapid including 
sales volume, beginnings of mass production, and spe- 
cific application designs such as the automotive alternator 
power silicon rectifier and the audio transistor. 


price reductions, 


i 


Power Supplies. The great flexibility and, hence, 
potential of solid-state controls should open up many 
new product innovations—first in the commercial field, 
and then in the consumer market. Several examples will 
serve to illustrate this point. 


Through the use of controlled rectifiers, power-supply 
equipment can be designed which will provide other than 
conventional 60-cycle sinusoidal power. Frequency multi- 
pliers have been used for many years to produce fixed 
multiples of the supply frequency—as, for example, in 


4 681 

reds ——_}— 
Frequency,cps 
Fig. 2—Gain in efficiency obtained by increasing supply fre- 
quency for 24, 48- and 96-in. fluorescent lamps of T-12 diam. 
Lamps were held at 60 cps rated watts over entire frequency 
range. Points on the 360 cps line show efficiency gain when 
lamps are operated on a square current wave. 


generating 360 cycles for fluorescent lighting. (1,2,3)* 
The much broader concept is that of inversion, whereby 
variable frequency is produced. (4,5,6) Present techniques 
using commercially available components can produce 
high power up to 20 ke with good efficiency. Therefore, 
the development engineer now has at his disposal a new 
tool by means of which a-c motors can be operated 
over wide speed ranges with high efficiency, fluorescent 
lighting can be optimized, and pulses can be produced 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 3—Typical waveshapes obtained from static converters. 
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for various ultrasonic purposes. 

Many high-frequency lighting installations have been 
operating for several years. (7,8) Figure 2 shows the 
typical effect on efficiency as a function of frequency, 
waveshape and lamp size. Higher efficiency means greater 
output, less loss, and more economy in operation. In 
addition, the ballast apparatus is greatly simplified at 
higher frequencies. Certainly, a searching appraisal 
needs to be made as to the benefits of higher frequency 
in consumer products. 

Likewise, power from d-c sources such as batteries 
and (sooner or later) fuel cells can be transformed into 
a-c or d-c of any level. Figure 3 shows some of the 
typical waveforms which might result. Phase-control 
methods, either half-wave or full-wave (a-c or d-c) are 
ideally suited to the control of d-c motors, incandescent 
lamps, and heaters. Heaters are ideal loads for semi- 
conductors, since there is no current inrush problem. (9) 
In applying these techniques, it will be necessary to con- 
sider the r-f interference effects of sharp wavefronts re- 
sulting from rapid static switching. Time-ratio or pulse- 


modulation techniques are becoming increasingly im- 
portant because of faster inherent response, fewer filter- 
ing requirements, and better device utility. (6) Square 
waves are produced by most d-c transformers, time-ratio 
controls and inverters. 

In the static switching concept of solid-state control, 
the ability to both open and close circuits without delay 
or with controlled delay should minimize r-f interference 
and electrical transients. The tast operating speed could 
also mean more effective system protection, since power 
could be removed in a half cycle (if phase commutation 
is utilized) or in a few microseconds (if external commu- 
tation is provided). An elementary example is included 
in Fig. 3 (cycle-omission control) where power control 
is achieved by the discrete number of cycles of the 
carrier reaching the load. In the case of loads with long 
time constants (such as heaters), the time integration 
will be adequate to produce a continuous effect. For 
faster-responding loads, pulsations will occur such as 
might be useful in lamp displays. 


He 


Semiconductor Devices. The silicon controlled rec- 
tifier (SCR) is a solid-state device analogous to the 
familiar thyratron. Its use circumvents some of the 
problems normally associated with transistor circuits 
(such as restricted voltages and power), and allows 
utilization of many of the important thyratron-circuit 
concepts. The basic characteristic is considered in Fig. 4. 
The controlled rectifier has a minimum average power 
gain in excess of 150,000. The gate power is lower than 
the power required by most sensitive relays and, in 
special cases, approaches that of the moving-coil meter 
relays. On the basis of pulsed input, the power gain is 
much greater. The device has a deionization time con- 
siderably shorter than that occurring in thyratrons under 
most operating conditions. During conduction, the for- 
ward voltage drop is about 20 per cent greater than for 
the equivalent silicon rectifier and appreciably lower than 
the 12- to 15-volt drop in thyratrons. The allowable cur- 
rent depends on the junction area, method and effective- 
ness of cooling, and current waveforms. Water and air 
cooling considerably extend the allowable current per 
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Fig. 4—Characteristic curves of silicon controlled rectifier. 
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junction. At present, the gate is used only to control the 
turn-on action; turn-off action is presently limited to 
low-power SCR’s. 

The SCR is capable of a high degree of efficiency since 
only about a l-volt drop is involved per device. Present 
SCR’s are rated up to about 500 volts and from about 
14 to 150 amp per cell. Parallel and series connections 
are used to extend the ratings or provide a variety of 
circuit configurations. Choice of the gate firing circuit 
is a function of the performance requireiic:'ts. tolerable 
cost and number of rectifiers involved. (10,Ji) “or cost 
reasons, it is desirable in most cases to control as few 
gates as possible. A number of slaving approaches have 
been reported wherein successive gate action occurs in 
response to a master SCR. (/2) 

The unijunction transistor is widely used for inver- 
sion, timing and driving applications. (13,14,15) It uses 
one bar of silicon, with an emitter connection at the inner 
base region. It possesses switching action between this 
emitter and base 1 connection, as shown in Fig. 5. From 
a voltage and temperature viewpoint, this switching ac- 





Fig. 5—Characteristic of unijunction transistor. 





Fig. 6—Switching mode of operation of a junction transistor. 


tion is very precise and, taken together with an ex- 
tremely rugged mechanical design, makes for a very 
stable control device. 

Normal junction transistors are proportional control 
devices. (16) Generally, when used in connection with 
power circuits, the switching mode of operation is utilized 
as shown in Fig. 6. The device requires continuous base 
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Sensing Devices. Either available or under develop- 
ment are a number of solid-state devices responsive to 
light, pressure, temperature, humidity, motion and time. 


Sharp break 
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Fig. 8—Characteristic curves of (a) photoconductor devices 
and (b) four types of thermistors. The silicon curve is added 
for comparison. 


Fig. 7—Characteristics of several semiconductor devices. 


drive to hold the switch in the closed or conducting 
position. 

Figure 7 compares very roughly the characteristics of 
silicon rectifiers, Zener diodes, tunnel diodes, and “back- 
ward” diodes. The first two are of great importance in 
the consumer products field, each finding wider accept- 
ance as the prices fall. 


Direct sensing devices are now found in drying controls, 
flame detectors, and other home heating controls. Their 
further use will be helped by the availability of minia- 
ture glass-enclosed reed switches, continuous-charge 
batteries, discharge lamps and glow lamps. Thus, sensory 
techniques should become more feasible and should pro- 
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Fig. 9 — Characteristic curve of (a) humidity-sensing device 
and (b) the more familiar thyrite. 
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vide strong competition for the conventional analog 
approaches. In some cases in the low-level field of detec- 
tion and handling of information, several markedly dif- 
ferent components are available. As an example, in the 
case of light detection, both passive variable resistors 
and generators (photovoltaic cells) are available. Similar 
parallels exist in pressure and temperature detectors. 
Generally, the resistive types provide greater sensitivities, 
higher outputs, higher voltage, and lower overall cost. 
(17) Typical photoconductors (photoresistors) are made 
from cadmium sulfide, cadmium selenide and lead sulfide. 
The curve in Fig. 8(a) shows the tremendous sensitivity 
of a typical photoconductor. Some variation in spectral 
response is possible through proper design techniques. 

Power dissipation is primarily a function of the size 
of the device, with present ratings from a few milliwatts 
to about 1 watt, usually with line voltage peak ratings. 
The speed of response is difficult to analyze, but can 
exceed electromechanical-device time constants. 

For temperature detection, thermistors with a wide 
variety of characteristics are obtainable, including posi- 
tive temperature coefficient (18), negative temperature 


Summary. Adoption of this new solid-state control 
technology could take place in several ways. One possi- 
bility would be functional replacement in existing ap- 
pliances for cost and/or reliability benefits. Far more 
rewarding, however, is the integrated system approach, 
wherein the inherent properties of each component are 
best utilized. In the case of motors, for example, perhaps 


high-speed induction motors or d-c motors should be 
investigated rather than conventional machines. This 
means that a-c to d-c, a-c to a-c at another frequency, 
d-c to a-c, and a-c to pulses are all distinct possibilities. 
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coefficient (19), linear temperature coefficient, and the 
sharp-break positive (20) and negative modes (21). This 
sharp-break property provides operation analogous to 
that of a thermal-switch device. The resistance change 
during switching can be as great as three decades. The 
switching temperature, coefficients, power ratings and 
response are all design parameters. Figure 8(b) includes 
typical plots of resistance as a function of temperature. 

Humidity can also be sensed by resistance change as 
shown in Fig. 9(a). Thyrite is a familiar material 
possessing a marked sensitivity of resistance with voltage, 
decreasing as voltage increases, as shown in Fig. 9(b). 

Secondary sensing will sometimes be advantageous: 
e.g., photoconductors may not always be used to sense 
light directly, but might be looking at flames or level or 
displacement. As a result of their great sensitivity, photo- 
conductors can operate with low-cost, long-life sources 
such as neon glow lamps, and tungsten light sources 
can be operated at low voltages for long life also. These 
light sources are inexpensive and can be used for a 
variety of circuit purposes including voltage regulators, 
logic, switching and memory. (22) 


Precision timing and counting is a direct outgrowth 
of these technologies. 

With solid-state switching, contact life is no longer a 
problem, nor is arcing. The ability to provide propor- 
tional or modulating control in contrast to on-off control 
is significant. This mode of operation, coupled with 
continuous monitoring or sensing of the system per- 
formance, should provide many new design opportunities. 

And finally, the possibilities of microminiaturization 
of the system will in time provide consumer products 
of small sizes never before possible. ooo 
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DESIGN Trends 


Edited by Michael M. Meyers, Associate Editor 


Measuring Power Factor of Non-Sinusoidal Waveforms 


D. A. WILHELMSON 
Direct-Current Motor & Generator Dept. 
GenerRAL Evectric COMPANY 


Erie, Pennsylvania 


OFTEN NECESSARY to determine 
the approximate phase relationship 
between voltage and current when 
power-factor meters and the volt-am- 
pere-watt method cannot be used be- 
cause the waveform is non-sinusoidal 
or of high frequency. The method that 
follows has been used successfully for 
finding the phase relationship in such 
cases. 

1. Obtain accurate pictures of the 
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cycle should be adequate. These ordin- 
ates should be multiplied by constants 
to make peak amplitudes equal to the 
corresponding vertical and horizontal 
peak amplitudes on the lissajous figure 
depicted in Fig. 1(c) A tabulation for 
twenty intervals is shown in Fig. 2. 

4. Shift the tabulations of voltage 
and current with respect to each other 
to some arbitrary phase relationship 
and plot the locus of the resulting 
voltage-current pairs. 

5. Repeat the procedure for several 
phase relationships (Fig. 3) and com- 
pare with the test lissajous figure [Fig. 
1(c)]. Plot intermediate angles if 
necessary. 


four-division (36-deg) lead and match- 
es the lissajous test figure. 

In the example, it does not neces- 
sarily follow, however, that the power 
factor is cos 36 deg = 0.809. With 
non-sinusoidal waveforms, especially 
when asymmetrical, power factor is 
somewhat a matter of definition: the 
ratio of real power to the product of 
current and voltage, or the cosine of the 
phase angle between the fundamental 
components to the voltage and current 
waveforms, or the cosine of the phase 
angle between the actual complex 
voltage and current waveform. Only for 
sinusoidal waves are these three identi- 
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Fig. 1— Plotted above and at left are waveforms 
of voltage and current vs time and current vs volt- 
age which are used to determine phase relationship 
between voltage and current. Note that the current 


waveform shown has 


even harmonics while the 


voltage has only odd. This is improbable, but is 
shown here only to make the illustrations more 


graphic. 


voltage and current waveforms [Figs. 
l(a) and 1(b)]. An oscilloscope and 
camera are a practical method. 

2. Also obtain a picture of the lissa- 
jous figure produced when the voltage 
and current signals are applied to the 
horizontal and vertical oscilloscope in- 
puts [Fig. l(c) ]. 

3. Tabulate ordinates of the voltage 
and current waveforms in Figs. 1(a) 
and 1(b) for an equal number of time 
intervals. Ten to twenty intervals per 
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e Exampce. Figure 1 shows hypo- 
thetical voltage and current waveforms 
and the current vs voltage figure ob- 
tained. Voltage and current ordinates 
are tabulated for every two divisions 
(18 deg) in Fig. 2. Figure 3 shows 
plots of / vs E for different phase re- 
lationships. The first is for the case 
where both curves go through zero at 
the same time. In the second, the 
voltage waveform has a_two-division 
(18-deg) lead. The third represents a 
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Fig. 2—Right, tabu- 
lation of voltage 
and current-wave- 
form ordinates ob- 
tained from Figs. 
l(a) and I(b). 
Tabulations are 
shown shifted 2/20 
of a cycle (36 deg) 
with respect to 
zero. 
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Fig. 3—Loci of voltage-current pairs for different phase relationships. The “lag” 
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Mechanical-Property Considerations in Epoxy Insulation 


JOHN DELMONTE 
FurAneE Ptastics, Inc. 
Los Angeles, California 


THE SUCCESSFUL adaptation of epoxy 
electrical insulating materials to the 
impregnation, encapsulation and coat- 
ing of electrical components may de- 
pend more on the mechanical qualities 
than the electrical properties of the 
material. Materials with less than op- 
timum electrical properties may, from 
a practical viewpoint, provide adequate 
insulation if they fulfill the mechanical 
requirements. On the other hand, such 
properties as low dissipation factor, 
better-than-average arc resistance, and 
high volume resistivity at operating 
temperatures may be nullified by poor 
impact resistance, cracks due to shrink- 
age, or poor thermal shock qualities. 

Table I gives two selection levels 
of electrical properties as a guide for 
the first selection step. The salient me- 
chanical qualities which are requisite 
to the best possible performance may 
be divided into two categories: (1) 
those valuable to processing, and (2) 
those important to the cured epoxy 
system. 


Processing 

Selection of epoxy insulating resins 
should be influenced by processing and 
functional requirements. Viscosity of 
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the resin system and cure conditions 
are factors which weigh heavily. Table 
II charts typical epoxy-resin systems, 
their processing and viscosity character- 
istics, and underscores the necessity of 
anticipating production methods before 
arbitrarily selecting materials based on 
end properties alone. Thus, application 
techniques may well limit the selection 
of an epoxy resin. One cannot, however, 
expect the low shrinkage and good 
thermal stability that are characteristics 
of some of the more viscous systems 
to be obtainable in the low-viscosity 
impregnating types. 

Required cure conditions and pro- 
duction rates may be next considered. 
Cure and production are basically in- 
terrelated as follows: 


e Long to unlimited pot life of resin 
plus hardener (one-component systems or 
systems with 2- to 7-day life) permits 


large production and requires high-tem- 
perature cure, 

e Short-pot-life systems (aided with 
automatic dispensers) permit large pro- 
duction and rapid cures at moderate tem- 
peratures. 

e Batch (two components 
mixed as required), with pot life of 15 
min to 8 hr, allow limited production and 
rapid cures at moderate to intermediate 
temperatures. 


processes 


Such requirements as resin systems 
with unlimited pot life or working life 
(after the resin and hardener are 
blended) and rapid cure at low or in- 
termediate temperatures are, unfor- 
tunately, diametrically opposed and un- 
realistic; compromises must therefore 
be accepted. In principle, the working 
or application characteristics of epoxy- 
resin systems are time-dependent func- 
tions. Quick cure, for both low- and 
high-voscosity resins, will vary markedly 


Table I—Electrical Properties of Typical Epoxy Insulating Materials 


ASTM tests 


Dielectric strength for % in. thickness (volts/ 


mil) 
Volume resistivity at 75 F (ohm-cm) 
Arc resistance (sec) 
Dissipation factor (at 60 cycles) 


Superior electrical 


properties 


Typical electrical 
properties 


450-500 
over 10'* 
200 to 220 
0.004 to 0.006 


350-400 | 
10"to10% | 


70 to 90 
| 0.02 to 0.04 | 
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with viscosity and time after addition 
of hardener. Their obvious use in 
limited or batch production is indicated. 
On the other hand, one to seven-day 
pot-life systems will permit “batching” 
for a day’s production run. In an effort 
to achieve maximum impregnation, the 
application temperature may be in- 
creased in some instances. This will 
limit the available working life as dic- 
tated by viscosity considerations. 


Mechanical Qualities of Cured Products 


Opinions differ on the question of 
whether typical or average electrical 
properties of most epoxy systems are 
acceptable and what mechanical prop- 
erties are most important to electrical- 
component design. One may examine 
a chart and arbitrarily select materials 
on the basis of ultimate compression, 
tension or flexural strength. If flat 
sheets of insulation are required, and 
the concomitant hardware need not be 
considered, these criteria are fine. How- 
ever for material to be used with cop- 
per coils, steel laminations, inductors, 
capacitors, resistors, transistors, diodes, 
etc., selection should be based on other 
factors. 

There is a common misconception 
that it is necessary to match the co- 
efficient of expansion of the encapsul- 
ant to the coefficient of expansion of 
the components that are being insu- 
lated. This is an undesirable procedure 
if several materials are involved: even 
though the linear coefficient of thermal 


expansion of an epoxy system may be 
matched to copper or steel, the rates 
of heating and, hence, the rates of ex- 
pansion are so diverse as to render 
matching impractical. Copper and steel 
will heat and cool much more rapidly 
than the insulating plastics. 

The crux of good performance lies 
in rapid heating and cooling, not only 
a freshly applied insulation, but also 
insulation which has aged in service. 
At Furane, thermal-shock resistance is 
considered more important than other 
physical attributes, followed in im- 
portance by loss in weight at elevated 
temperature, and cure shrinkage. Most 
engineers feel that while thermal shock 
tests may closely approach practical 
application experiences with compon- 
ents, there is no substitute for field or 
service experience. 

Among the more widely used thermal- 
shock-test methods, the following pro- 
cedures are used for screening pur- 
poses by laboratories developing im- 
proved epoxy formulations :* 

@ steel bar (% x % x 6 in.) is encapsu- 
lated with % in. layer of resin 

e@ hex nut (1 in. across flats) encapsu- 
lated according to MIL-I-16923 

e@ wound coil (encapsulated in mold) 
Ye in. to % in. exterior insulation 

e Oliphant washer tests— flat washer 
with three rivets embedded in 4-in. casting. 

It has become apparent that ma- 
terials classified as semi-rigid, with 
good tensile strengths and high elonga- 
tion, offer the best possibilities for with- 
standing many cycles of severe thermal 
shocks and make the best in-service en- 
capsulants. Elongation characteristics, 
* MIL 16923 is most widely used for qualification; 
tests may involve dry-ice baths at —65 to +150 C. 


In a matter of seconds these methods will screen 
out materials unsuited to the rigors of thermal shock. 


Table il—Processing and Viscosity Characteristics of Typical Epoxy Systems 


Viscosity 


Low viscosity (100- 
1000 centipoises) 


Impregnation 


Impregnation and 


| casting 
(2000-20,000 centi- 
poises ) 


Moderate viscosity | Impregnation (press- 


used ) 


into molds 


Application techniques 


ure and vacuum 


Typical resin systems available 
Glycidyl ethers of bisphenol A plus reac- 
tive diluents. Epoxidized polyolefins. 


Vinylcyclohexene dioxide. Epoxy resins 
plus liquid anhydrides. 
Glycidyl ethers of bisphenol A and F. 
Epoxy resins plus reactive diluents plus 
selected fillers. 


| trimer acids, polyesters, polysulfides, 


| Casting by pouring | Epoxy resins plus modifiers such as 


| Potting by dip coating 


High viscosity (40,000 
to 200,000 centi- 
poises ) 


Casting in molds 


Potting by dip coat- 


ing 


polyols, etc. 


Solid-type epoxy resins plus reactive 
diluents. 
Filled epoxy-resin systems. 


Epoxidized novolaks with and without 
fillers. 


Paste-like (in excess Trowelling and repair- All types of epoxy resins plus thixo- 


of 1 X 10° centi- 
ae 
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ing by patching 


tropic fillers. 


however, should be carefully appraised 
since the more rigid materials will have 
elongations of less than five per cent 
and semi-rigid formulations lie in the 
25 to 100 per cent elongation range, 
accompanied by tensile strengths in 
excess of 1500 psi. Though these do 
not compare well with vulcanized rub- 
ber or some of the newer polyurethanes, 
they do have certain processing and 
application advantages. 

In custom compounding of epoxy 
formulations, fibrous fillers, properly 
proportioned, will do much to alleviate 
mechanical stresses. In addition to em- 
pirical observations, a carefully regu- 
lated program of controlled tests may 
well lead to practical results which will 
assist in arriving at optimum combina- 
tions of filler and resin materials. 
A number of additives are available 
for attaining a certain measure of 
flexibility in thermosetting epoxy sys- 
tems: 

a. anhydride curing agents, such as 
dodecenyl succinic anhydride and poly- 
sebacic anhydride 

b. polyols, such as hydroxyl-terminated 
polyesters 

c. polysulfides 

d. trimer and dimer acids and epoxidized 
derivatives 

e. monoepoxides with long pendant 
chains, such as octylene oxide 

f. certain aliphatic types of di-epoxides. 

These materials may introduce their 
own limitations and hence the necessity 
of examining the permanence of the 
physical properties attained with them. 
It is one thing to prepare laboratory 
samples which behave in an exemplary 
manner, but a far more difficult matter 
to attain these qualities after aging 
in service. 

Impact qualities and toughness. as 
measured by tensile strength and elon- 
gation, go hand in hand, even though 
these qualities may suffer at elevated 
temperatures due to loss in weight of 
the additives. In most instances, in- 
creased flexibility is attained, although 
with some sacrifice of stability at higher 
temperatures. 

The significance of compressive 
strength, thermal conductivity, shear 
strength, flexural strength, modulus of 
elasticity, heat distortion temperature, 
surface hardness, density, etc., depends 
upon the application. Good electrical 
performance will be found to be tied 
more closely to good thermal-shock re- 
sistance, low cure shrinkage, good ten- 
sile strength and elongation, and mini- 
mum weight loss at 300 and 400 F for 
the higher-temperature applications. 
Superior electrical properties encoun- 
tered in a laboratory sheet of material 
are of little consequence if the material 
cannot be conveniently applied to an 
electrical component or, if once ap- 
plied, these same properties cannot be 
attained due to some mechanical de- 
ficiency. ooo 
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test-bench 
instrument 


mene 
MODEL VOLTS; CURRENT 
ABC 30-0.3 


ABC 40-0.5 | 0-40] 0-500ma.| 4%” | 85%”| 956”| $139.00 
asc 75-2 | 0-7.5|0-2amp |4%”| 8%"| 9%” | $139.00 


ABC 15-1 
For meter: Add suffix ‘‘M’” to Model No. and $20.00 to price. 
Rack Adapter: Model RA-4 (for 2 units), RA-5 (for 1 unit) 
availabie at $15.00 each. 


WRITE FOR COMPLETE SPECIFICATIONS. 
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or systems 
component 


KEPCO “ABC” POWER SUPPLY 


its small, lightweight design makes the Kepco “ABC” 
Power Supply equally at home on the test bench for 
R & D, rack-mounted as a system element, and chassis- 
mounted as a modular component. 


Its precise, versatile capability makes it compatible 
with stringent and varied applications: 

B Line/Load Regulation: 0.05% M@ Stability: 0.05% or 
6mv, whichever is greater @ Ripple: 0.56mv RMS @ 
Input: 105-125v ac, 50-440 cps ™ Constant Current 
operation M@ Remote Programming at 1000 ohms per 
volt @ Remote error sensing: to maintain regulation at 
the load @ Automatic overload protection @ Adjustable 
current limiting. 


Its Low Price is achieved by efficient design without 
sacrifice in quality and reliability. 


131-34 SANFORD AVENUE « FLUSHING 52, N. Y. 
Area Code 212 IN 1-7000 * TWX # NY 4-5196 
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Frictionless Pivot 


Cross-sprinG flexural pivot bearing al- 
lows frictionless movement in an arc 
of up to 60 deg. Two flexural pivot 
variations offered by the Utica Division 
of Bendix Corporation are a cantilever 
model to support overhung loads (Fig. 
1) and a double-end-support model to 
support a central load (Fig. 2). The 


Fig. 1—Cutaway view of cantilever- 
model flexural pivot bearing. 


Fig. 2—Double-end-support flexural 
pivot with no end-play. 


two halves of the cantilever model can 
be rotated separately, while in the 
double-end model, the center section 
may be rotated relative to the ends. 

Flat, crossed steel springs link the 
concentric cylindrical sleeves. Flexing 
of the springs allows relative rotations 
of up to 60 deg. Center shift due to ro- 
tation is quite small. 

Advantages of the frictionless pivots 
are zero end-play, low spring constant, 
high electrical conductivity, and pos- 
sibility of pre-loading the pivoted mem- 
ber in applications such as that illus- 
trated in Fig. 3. 

Currently, both the double-end and 
cantilever flexural pivots are available 


in seven standard sizes from %2 to 34 
in. diam in corrosion-resistant steel. 


Source: Utica Division, The Bendix 
Corporation, Utica, N. Y. OoO0o°o 


Fig. 3—One application of double-end 
pivot in which the pivoted arm is pre- 
loaded by the spring action of the 
crossed springs. Relatively high current- 
carrying capacity of frictionless bearing 
can eliminate the need for a flexible 
wire lead where a current path from 
support to movable member is desired. 


Storing and Reforming Aluminum-Foil Electrolytic Capacitors 


JOSEPH H. HAYDEN 

CAMPS Engineering Sub-Section 
Low Voltage Switchgear Dept. 
Generat Exectric Co. 
Philadelphia, Pa. 


WHEN ALUMINUM-FOIL capacitors are 
under off-voltage storage for prolonged 
periods in adverse environments, capa- 
citor failure frequently occurs with the 
first application of voltage. One cause 
of failure in such circumstances is 
initially high leakage current, which 
brings about a local temperature rise 
that is too rapid to be dissipated 
over the surface area of the case. In- 
ternal temperature of the electrolytic 
capacitor is raised, the leakage current 
increases because of the increased tem- 
perature, and the capacitor is on the 
way to thermal runaway. 

This initial high leakage current 
upon voltage application may be visu- 
alized as occurring at imperfect spots 
in the insulating aluminum-oxide film. 
In the presence of the electrolyte and 
heat, impurity sites in the aluminum 
foil (particularily iron impurities) 
cause a breakdown of the protective 
oxide coating. Then the electrolyte 
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comes into closer contact with the 
aluminum and higher leakage currents 
result. 

Since these local faults occur at an 
accelerated rate at elevated tempera- 
tures, high-purity aluminum foil with 
a stable oxide film may be used in 
capacitor construction or the capacitor 
may be stored at low temperatures. 

If current is limited so that localized 
or general thermal runaway cannot 
occur when voltage is first applied 
after the storage period, the oxide film 
will be reformed over any imperfec- 
tions, 

The accompanying figure shows the 
maximum off-voltage storage time that 
should be permitted between reforming 
cycles for different storage tempera- 
tures. For example, at the rated maxi- 
mum storage temperature for these 
capacitors, approximately 0.145 yr of 


»—> 


Fig. 1— Allowable off-voltage storage 
time between reforming cycles for G. E. 
Alumalytic® capacitors. Reforming sched- 
ules can be established for various stor- 
age ambients by referring to the curve. 


continuous storage at 160 F can be 
tolerated before reforming becomes 
necessary to avoid failure. If storage 
is at or below 32 F, no reforming would 
be necessary for the entire ten-year 
rated life of the capacitor. 


Aluminum-foil capacitors are re- 
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CERAMICS FOR 
. TRANSISTOR 


HY PERCON* 
CAPACITORS 


i Ultra-high capacitance 
II Low voltage 

i Miniature size 

ll Low Cost 


Designed for use in semi-conductor and other low-voltage circuits, 
these new Hypercon Disc Ceramic Capacitors offer capacitance values 
formerly associated only with electrolytic capacitors. Yet they are only 
a fraction of the size of comparable aluminum electrolytics! 


Hypercons have excellent stability, exhibiting no loss in capacitance 
when operating above room temperature. Their triple-purpose resin 
coating serves as insulation as well as protection against moisture and 
mechanical damage. 


Hypercons are in mass production now, available for prompt 
delivery. For detailed specifications, write for Engineering Data 
Sheet 6141C to Technical Literature Section, Sprague Electric 
Company, 307 Marshall Street, North Adams, Massachusetts. 


SPRAGUE COMPONENTS 
CAPACITORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE 
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 
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CUITS 


actual size 


3 VOLTS D-C 12 VOLTS D-C 25 VOLTS D-C 


Diameter | TY Diameter 7 Diameter 
pF in inches uF in inches) uF in inches 


a 225 || .047 275 =} 01 275 
.22 aoa G1 400 || .022 350 
47 400 | .22 950 || .033 .400 
1.0 on |] 33 660 || .047 .490 
2.2 840 | .47 840 | 1 .660 


HN: 


THE MARK OF RELIABILITY 


‘Sprague’ and "@" are registered trademarks of the Sprague Electric Co. 
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formed by applying rated voltage across 
a series combination of the capacitor 
and a current-limiting resistor. Rated 
voltage is maintained for approximately 
3 min, the capacitor is allowed to stabi- 
lize at off-voltage for about 27 min, 
and the cycle is repeated. Leakage cur- 
rent should stabilize and the capacitor 


become completely operable in about 
4 hr of such cycling. However, if the 
capacitor is to go into off-voltage stor- 
age, this cycling should be continued 
for a minimum of 10 hr. Because leak- 
age current increases with increasing 
temperature, reforming should be done 
at room temperature or lower, if prac- 
tical. 

In addition to the likelihood of ther- 
mal runaway caused by high initial 
leakage current, a secondary effect may 
occur if not properly limited by a re- 
formation cycling. In normal capacitor 
operation, hydrogen gas is generated 
at a rate of approximatey 70 micro- 
liters/coulomb. Excess gas normally 


diffuses through a vent plug when the 
capacitor is operating at constant volt- 
age. However, under cyclic starting or 
with initial high leakage current after 
off-voltage storage, internal pressures 
can grow sufficiently high to rupture 
the vent plug and destroy the capacitor 
seal. This may allow the capacitor to 
dry out eventually and present an open 
circuit. 

These problems can be circumvented 
by adhering to an equipment mainte- 
nance schedule requiring application of 
power to the system at regular inter- 
vals. An alternative solution is to keep 
the equipment operating at rated volt- 
age continuously. ooo 


Housing Serves as Efficient Tube-Welder Secondary 


IN LOW-FREQUENCY resistance tube 
welders, the edges of the tube being 
welded complete the circuit of a single- 
turn secondary of a low-voltage trans- 
former. Speed of welding (feet of tub- 
ing per minute) is directly dependent 
upon the useful amperes delivered to 
the tube and is roughly proportional 
to /?. For a given secondary voltage, 
the amount of work current delivered 
is inversely proportional to the im- 
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pedance of the entire secondary cir- 
cuit, consisting of the transformer sec- 
ondary, the rotary wheel-type elec- 
trodes, and the tube joint resistance as 
the load. By a radical redesign of its 
new Type-V tube welder, the Yoder 
Co., Cleveland, has been able to reduce 
the secondary impedance substantially 
and to increase tube or pipe produc- 
tion as much as 60 per cent. With iden- 
tical input— 200 kva—the V-type 


Coolant areo 


A A \ 
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Primary 


Transformer 
secondary 


Squeeze rolls 


Cross-sectional view of toroidal tube-welding transformer with housing forming part of 
one-turn secondary. 
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unit can deliver 51,000 amp to the 
tube against 43,000 amp for the former 
transformer design. 

This gain in efficiency has been ob- 
tained by a major change in the con- 
ductor geometry, adoption of an ad- 
vanced type of vapor cooling, and im- 
provements in the electrical insulation 
systems. At the same time, a 75 per 
cent reduction in size of the transformer 
has been achieved. Operating tempera- 
ture of the unit can be higher due to 
the elimination of hot spots within the 
transformer. The external or electrode 
temperature is much lower — about 
130-140 F. 

The conventional tube-welding trans- 
former —in use for many years — 
consists of a step-down transformer 
with single-turn secondary mounted be- 
tween bearing housings and free to turn 
as the work passes under the welding 
wheels. Hollow conductors through 
which cooling water passes connect the 
transformer secondary to the electrode 
wheels. Incoming power is fed through 
slip rings. The cooling system employed 
usually requires a pump, heat ex- 
changer and filter. In addition, there 
are problems of corrosion and possible 
short-circuiting. 

The Type-V welder is also a rotary 
unit, but as the cross-sectional view 
indicates, the transformer is mounted 
directly on the electrode support plate 
and therefore overhangs the nearest 
bearing through a heavy steel shaft. 
The mechanical work load is trans- 
mitted directly to the shaft and does 
not have to pass through the trans- 
former primary or secondary. In the 
previous design, one secondary con- 
ductor was a tubular bearing shaft. 
The transformer core is a toroid and is 
mounted within a cast copper second- 
ary which is part of the protecting case 
around the transformer. The other part 
of the secondary is the front electrode 
support plate. The primary connections 
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Partial Listing of Uses for 
OFHC Brand Copper... 





THIS IS THE 
REGISTERED TRADE-MARK 
OF A COPPER ON THE MOVE 


The electrical-electronic industries in particular are making more 
and more use of the benefits inherent in OFHC® brand copper. 

OFHC brand copper is more than just a deoxidized copper. It’s 
a copper designed to be oxygen-free from the start to the end of 
its processing. An AMCO designed method excludes any chance 
of oxygen absorption. 

To. fabricators this means good ductility and workability—so 
necessary, for example, in wire drawing. Too, they can get fine 
finishes on tough jobs such as cold hobbing 

Users prefer OFHC brand copper because, along with other 
qualities, they are assured of high uniform electrical and thermal 
conductivity. Extra resistance to oxide scale flaking 


t 
usual temperatures Is another advantage. Characteristics like t 
make OFHC brand copper the choice for such critical applications as 
klystrons, multiple cavity magnetrons, Yclotrons and electron For the extra rigid requirements set 


Xd) > glass-to-metal seals by the electronic industry, Amco also 
<a bali Na Sas > a ' produces “Certified” OFHC brand 
copper. Guarantees include a very low 


Learn how OFHC brand copper can benefit y Contact the Technical Service Sect fA | 
2 impurity content of high-vapor-pres- 

‘ sure elements along with a higher 

AMCO, a division of American Metal Climax, Inc. resistance to hydrogen embrittlement 

TON aay eee Pe NE than specified by ASTM #170-47, 


Section 6. ~ 
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pass through the support shaft to pri- 
mary studs in the front of the case. 
These connections are sealed under a 
waterproof cover. 

There are no cooling passages as 
such. The primary and core are cooled 
by a liquid fluorocarbon dielectric 
(sealed within the case) which trans- 
fers heat by direct contact and vapor 
condensation to the walls of the sec- 
ondary core. This heat is removed by 
the external water used to cool the elec- 
trodes. The liquid dielectric used here 
is Minnesota Mining’s FC-75. It is 
principally isomers of perfluorocy- 
clic ether (C.F ,.0). This is a colorless 
and odorless liquid, non-flammable, 
which undergoes no electrical or chem- 
ical change in the presence of metals, 


plastics or elastomers. In comparison 
to transformer oils, FC-75 will transfer 
10 times as much heat as the oil for the 
same temperature rise. 

Since the coolant is in direct contact 
with the apparatus, hot spots in the 
unit are virtually eliminated. In a lab 
test, using a circulating water system 
for cooling, and at a given current 
level, the hottest spot found on the 
transformer insulation was 190 F, while 
the average temperature was 125 F. 
Using a Freon coolant to transfer the 
heat to the case of the enclosed trans- 
former (for the same current level), 
the hot-spot temperature dropped to 
130 F, with the average temperature re- 
maining at 125 F. The unit is provided 
with a thermostatic device which auto- 
matically shuts down the unit on ther- 
mal overload. Previous water-cooled or 
liquid-cooled units could only take an 
indication from the cooling fluid (or 
lack of cooling-fluid flow) to indicate 
overtemperature. 

Use of glass-fiber tape and laminates 
impregnated with epoxy resins has per- 
mitted a more compact insulation sys- 


Electro-Pneumatic Transducer 


FORCE-BALANCE transducer converts 
either d-c signal voltage or current 
into an equivalent pneumatic pressure 
signal for operating air-powered valves, 
power cylinders and similar control 
devices. The variety of inputs and out- 
puts for the “PowrMag” converter are 
shown in the accompanying table. The 
unit can be connected for inverse opera- 
tion so that increasing voltage or cur- 
rent will cause a decrease in pneu- 
matic pressure. 


pressure 
within 
enclosure 


Permonent 


dil inne 
magnet core 


Crossed -spring 


adjustment 


Nozzle — 


Feedbock 
outlet 


Double diaphragm 


Mechanics of the device are dia- 
grammed in Fig. 1. Force generated in 
a magnetic motor is balanced through 
a balanced-beam system against force 
produced by air pressure on a feedback 
bellows capsule. Air pressure for bal- 
ancing the forces comes from a relay 
valve which responds to pilot-pressure 
changes. 

When electrical input increases, the 
following sequence of operations takes 
place: 


Inputs and Outputs Possible with 
Electro-pneumatic Force-ba'ance 
Transducer 


D-C | Output 
input | signal, 
signal i 


Model 
number 





OP-20001-1 
OP-20001-2 
OP-20001-3 
OP-20001-4 
OP-20001-5 


1.0-9.0 volts | 
1.0-9.0 volts 
1.0-5.0 volts 
1.0-9.0 ma 
1.0-5.0 ma 


tem. These new types of insulation are 
used to reduce the spacing between pri- 
mary turns and between the primary 
and the secondary, while maintaining 
high insulation values. Another advan- 
tage of these thinner materials is re- 
duction in the heat-transfer paths to the 
cooling medium. Use of these materials 
has also contributed to the reduction in 
size of the unit. 

The core is grain-oriented silicon 
steel and is ribbon-wound, thereby 
eliminating joints that add to losses. 
The old-style transformer has a core 
made of stacked laminations. In the 
new unit, after the primary is wrapped 
on the core, the assembly is vacuum 
impregnated in epoxy resin to make a 
solid bonded unit. Insulation rings or 
spacers are put on the front and back 
of the assembly and one over the O. D., 
and are then machined to fit the cavity 
in the secondary. Keyways cut in the 
circumferential band hold the core as- 
sembly in the secondary. No bolts pass 
through the core. Oo0o°O 


Source: Kenneth Keska, Chief Research 
Engineer, The Yoder Co., Cleveland, Ohio. 


a. the beam moves closer to the nozzle, 
reducing air flow 

b. pressure 
chamber A 

c. the diaphragm moves away from the 
nozzle, closes the bleed valves and opens 
the booster valve by depressing a valve 
stem 

d. the booster valve admits air to in- 
crease pressure in chamber B and balance 
pressure in chamber A 

e. pressure increase in chamber B in- 
creases pilot pressure by way of the feed- 
back outlet. 

f. increased pilot pressure compresses 
the feedback bellows, balancing the force 
of the electromagnet. 


increases in relay-valve 


The bleed valve operates when pres- 
sure in chamber A is less than in 
chamber B. Opening of the bleed valve 
reduces pressure in chamber B. Pres- 
sure in chamber B, which corresponds 
to pilot pressure within the enclosure, 
is the pneumatic output signal and is 
proportional to the electrical input. 

The _ electro-pneumatic transducer 
can be operated in any position, has a 
linearity of +0.5 per cent of full scale 
and 0.1 per cent repeatability. Fre- 
quency response is 2.5 cps for a 1 
per cent peak-to-peak input signal. 


Source: Hagan Chemicals & Controls, 
Inc., Hagan Center, Pittsburgh 30, Pa. 
O00 


Fig. 1—Interior view of electro-pneu- ot 
matic converter. Diagram is for illustrat- * ee or <«& 
ing operation only and is not an actual 4 
cross-section. 


Fig. 2— “PowrMag” converter for chang- 
ing a d-c signal into pneumatic pressure. 
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Macallen Built-up Mica makes 
Better Insulation because it’s 


Combine Macallen’s manufacturing 
skill and experience with the natu- 
ral qualities of mica and you’ve got 
an electrical insulating material 
that’s just about indestructible. 
Mica will withstand extremely high 
temperatures. Macallen Built-Up 
Mica has high dielectric strength 
too, excellent resistivity, low dielec- 
tric loss and maximum stability of 
electrical properties under practi- 
cally all atmospheric conditions. 

And Macallen Built-Up Mica is 
versatile. The amount of flexibility, 
rigidity, hardness, compressiveness, 
and physical strengths can be varied. 
It can be made for almost any 
punching, sawing, drilling or mold- 
ing operation. It comes in many 
forms — from tubes, tapes to sheets 
— and in many sizes. 

No other material has all the elec- 
trical insulation qualities of mica. 
And no one knows how to make 
better use of them than Macallen. 

Find out how Macallen Built-Up 
Mica can solve your insulation prob- 
lems. Write for Catalog 26 today. 
No charge or obligation. 


For th bi . ify M I The first name in mica 
or e mos! in mica — specity acalien... Os ahecn thinks 40 years. 


THE MACALLEN COMPANY 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd.* Cleveland: 1231 Superior Avenue, N.E. 
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ASSOCIATION Activities 


Electrical Insulation Conference Information 


A tentative technical program for the 
1962 Electrical Insulation Conference 
—Materials & Application—has been 
made available. The conference will be 
held at the Shoreham Hotel, Washing- 
ton, D. C., during the week of February 
18. 

New emphasis has been added to the 
conference coverage of the insulation 
field with the establishment of the Elec- 
tronics Division. The initial program 
of this new division is included below. 


Distribution & Transmission Division 

Tuesday, February 20—Session 1-A, Dry 
Type Transformers. 

Wednesday, February 21—Session 2-A, 
The Future of Switchgear Insulation; 
Session 3-A, Encapsulated Distribution 
Transformers. 

Rotating Machinery Division 

Tuesday, February 20—Session 1-B, Inte- 
gral HP Motors—High-Temperature Per- 
formance; Session 2-B, Encapsulated Mo- 
tors. 

Thursday, February 22—Session 3-B, Frac- 
tional-Horsepower Motors; Session 4-B, 
Servicing & Maintenance of Rotating 
Machinery. 

Insulating Materials Education Division 

Tuesday, February 20—Session 1-C, Basic 
Insulation Behavior; Session 2-C, Tem- 
perature Classification and Thermal En- 
durance. 


Plastics Engineers to Discuss 
Design 

“Plastics Revolutionize Design” is the 
theme for the 18th Annual Technical 
Conference of the Society of Plastics 
Engineers, to be held at the Penn- 
Sheraton Hotel in Pittsburgh January 
30-February 2, 1962. High point of the 
conference will be a technical paper 
to be presented by Professor Giulio 
Natta of Montecatini in Milan, Italy. 
His subject will be “Progress in Stereo- 
Regulated Polymers.” About 100 addi- 
tional papers will be read. 

Technical areas to be covered in 
more than 26 sessions include new plas- 
tics formulations such as_ polyolefins, 
urethanes and polystyrenes (processing, 
properties and applications) , reinforced 
plastics (uses and new developments 
in testing), and plastics-metals com- 
binations. In addition, special sessions 
are scheduled for applications of plas- 
tics in building and in space vehicles 
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Wednesday, February 21— Session 3-C, 
Aging Techniques. 

Thursday, February 22—Session 4-C, Insu- 
lation Resistance Measurements; Ses- 
sion 5-C, International Insulation Tech- 
nology. 


Electronics Division 

Tuesday, February 20—Session 1-D, Resins 
for Electronic Packaging; Session 2-D, 
Encapsulated Magnetic Components. 

Wednesday, February 21—Session 3-D, Ad- 
vances in Materials for Electronic Com- 
ponents. 

Thursday, February 22—Session 4-D, Thin- 
Film and Electrolytic Capacitors. 


Over 80 technical papers are to be 
presented at these sessions of the con- 
ference, which is sponsored jointly by 
AIEE and NEMA. 

The organization of the Committee on 
Education of the AIEE-NEMA Elec- 
trical Insulation Conference was _ re- 
ported at the Meeting of the General 
Conference Committee in Washington. 
September 22, by Vice-Chairman and 
Acting Chairman Alex. E. Javitz, 
Special Features Editor, E.ectro- 
TecHNOLOGY. The first meeting of the 
Education Committee was scheduled 
for October 10, with an agenda devoted 
primarily to organization of specific 
tasks and working groups. 


and missiles. The annual business meet- 
ing of the Society will take place at a 
luncheon on January 31. 


“Progress Report” is Theme 
of Reliability Symposium 

The Eighth National Symposium on Re- 
liability and Quality Control will meet 
January 9-11, 1962, at the Statler Hil- 
ton Hotel in Washington, D. C. Tech- 
nical-session topics will include: re- 
liability design techniques, reliability 
prediction and measurement, mathe- 
matics and reliability methods, statis- 
tical techniques, reliability testing, 
maintainability, quality control and re- 
liability, reliability programs and man- 
agement, reliability and quality-control 
education, and reliability training ses- 
sions. Proceedings of the symposium 
will be published. Proceedings of all 
of the past seven symposia are available 
for $5.00 each from Editorial Depart- 
ment of IRE, 1 E. 79 St., New York 21. 


IRE to Publish Reference on 
Automatic Test Techniques 


The Professional Group on Military 
Electronics of the IRE has scheduled 
a Transactions issue for July 1962 on 
“Automatic Test Techniques.” Papers 
are solicited for this issue on the fol- 
lowing types of test techniques: single 
stimuli, transfer-function analysis, noise, 
radiation, infrared, prediction, mar- 
ginal, figure of merit, subliminal, Monte 
Carlo, majority logic, and _ other 
(exotic) techniques. Papers should dis- 
cuss the basic techniques of testing, 
rather than test implementation. Ab- 
stracts are due January 1, 1962, and 
the manuscript deadline is March 1. 
‘Send manuscripts to David B. Dobson 
Guest Editor, Section 592, Radio Corp. 
of America, Delaware and Cooper Sts., 
Camden 2, N. J. 


Papers Wanted on Microwave 
Theory and Techniques 


The 1962 IRE Professional Group on 
Microwave Theory and Techniques 
National Symposium will be held May 
22-24 at the Boulder Laboratories of 
the National Bureau of Standards, 
Boulder, Colo. Papers to be presented 
will be concerned with research, de- 
velopment and applications in all areas 
of the microwave field. Prospective 
authors should submit both 50-100 
word abstracts and 500-1000 word sum- 
maries accompanied by up to six fig- 
ures, suitable for reproduction in a 
symposium digest, to R. W. Beatty, 
Chairman, Technical Program Com- 
mittee, 1962 PGMTT National Sym- 
posium, National Bureau of Standards, 
Boulder, Colo. Deadline for receipt of 
this material is December 18, 1961. 


Electric Insulation Symposia 
Planned 


The Electric Insulation Division of the 
Electrochemical Society will hold sym- 
posia at the Society’s 121st meeting at 
the Statler Hilton Hotel in Los Angeles 
May 6-10, 1962. 

Plans are being made for sessions to 
be held on the following subjects: 
Ceramics and Integrated Circuits, 
Chairman, B. R. Eichbaum, Aeronu- 
tronic, Newport Beach, Calif.; Thin- 
Film Dielectrics and Electrolytic Capac- 
itors, Chairman, C. C. Houtz, Bell Tele- 
phone Labs., Murray Hill, N. J., and R. 
A. Ruscetta, General Electric Co., Irma, 
S. C.; Reliability, Chairman, H. M. 
Wagner, Lockheed Aircraft Corp., Palo 
Alto, Calif.; and Paper, Chairman, E. 
D. Eich, Anaconda Wire and Cable Co., 
Hastings-on-Hudson, N. Y. 

For presentation at an Electric In- 
sulation session, a 75-word abstract of 
a proposed paper must be in the hands 
of the session chairman by December 
15, 1961. 
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You can 


RHEL 


the Difference 
in an Ohmite 
Rheostat 


TRY IT YOURSELF! Note the smooth, silent glide 
of the contact over the windings . . . and of the contact 
moving off and on the terminal bands. There’s abso- 
lutely no raspy grinding to cause premature wear .. . no 
aggravating “‘jerk”’ points that make you hunt for a setting. 

The smooth, close control of Ohmite rheostats doesn’t 
just happen. It’s the result of special production opera- 
tions that eliminate roughness. All 11 sizes of Ohmite 
rheostats from 124% to 1000 watts bring you this plus 
value . . . a refinement that pays dividends in your equip- 
ment, whether the rheostat is to be hand operated or 
motor driven. 

Write on Company Letterhead for Catalog 58. 


Terminal lug 
band is ad- 
justed to wire 
diameter...no 
bump up or 
down for the 
contact. 


Rounded pivot gives 
metal-graphite contact 
brush flush-floating con- 
tact with wire. 


Smooth, welded transi- 
tions between the differ- 
ent wire sizes of tapered 
windings. 


SMOOTHNESS FROM ATTENTION TO DETAIL 


OHMITE 


NOVEMBER 1961 Circle 144 on Inquiry Card 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 


Rheostats Power Resistors Precision Resistors 
Variable Transformers Tantalum Capacitors 
} f R.F. Chokes 
nium Diodes Micromodules 





General Electric Makes 
Eddy-current-coupling Drives 


And they’re dependable drives. The complete line includes 
water-cooled and air-cooled eddy-current couplings. We 
call them A/NWAJROL drives. Ratings are from 1 to 

150 horsepower, operating from standard a-c power. 


A General Electric AIWAJROL drive is not just another 
eddy-current coupling. For instance, in the water-cooled 
coupling, water control is packaged. You’ll see much less 
external piping. Furthermore, the coupling is protected from 
flooding—and the air gaps are dry, preventing corrosion. 


KINAJROL Couplings are compact, field proven and 
dependable. General Electric has had a good deal of 
experience in the engineering, manufacturing, and 
application of packaged adjustable-speed drives. And we 
know how important service is to a customer. 


KINAJROL —2 good product, with the kind of service 
you can depend on. Please call your nearest General 
Electric Sales Office for further details. 


*Trademark of General Electric Company 821-07 


a 
ae oe bi 
_ 


a 
te i SS 
AIR COOLED, 7-1/2 to 100 HP WATER COOLED, 25 to 150 HP AIR COOLED, 1 to 5 HP 


DIRECT CURRENT MOTOR AND GENERATOR DEPARTMENT 


GENERAL @@ ELECTRIC 


ERIE, PENNSYLVANIA 
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CALENDAR of Meetings 


Nov. 6-8—Technical Conference on 
Non-Linear Magnetics (sponsored by 
AIEE and IRE), Statler-Hilton Ho- 


tel, Los Angeles. 


Nov. 7-9—Seventh Conference on 
Radio Interference Reduction and 
Electronic Compatibility (sponsored 
by IRE and military services), Illi- 
nois Institute of Technology campus, 
Chicago. 


Nov. 8-11—Sixty-second meeting 
of Acoustical Society of America, 
Netherland-Hilton Hotel, Cincinnati, 


Ohio. 


Nov. 12-15—Annual Meeting of 
Air-Conditioning and Refrigeration 
Institute, The Homestead, Hot 
Springs, Va. 


Nov. 13-16—Conference on Mag- 
netism and Magnetic Materials 
(sponsored by AIEE), Hotel West- 
ward Ho, Phoenix, Ariz. 


Nov. 13-17—Annual Meeting of 
National Electrical Manufacturers 
Association, Traymore Hotel, At- 
lantic City, N. J. 


Nov. 14—Symposium on Electronic 
Systems Reliability (sponsored by 
IRE section), Hotel Phillips, Kansas 
City, Mo. 


Nov. 14-16—Northeast Research 
and Engineering Meeting (sponsored 
by IRE), Commonwealth Armory 
and Somerset Hotel, Boston. 


Nov. 14-16—Mid-America  Elec- 
tronic Conference (sponsored by 


IRE), Linda Hall, Kansas City, Mo. 


Nov. 27-30—ASME Winter Annual 
meeting, Statler-Hilton Hotel, New 
York City. 


Nov. 29-Dec. 1—Tenth Annual 
Wire and Cable Symposium (spon- 
sored by U. S. Army Signal Re- 
search and Development Labora- 
tory), Berkeley-Carteret Hotel, As- 
bury Park, N. J. 


Dec. 11-13—Symposium on Metal 
Joining (sponsored by Pennsylvania 
State University), campus of Penn- 
sylvania State University, University 
Park, Pa. 


NOVEMBER 1961 


Dec. 12-14—Eastern Joint Com- 
puter Conference (sponsored by 
ACM, AIEE and IRE), Sheraton 
Park Hotel, Washington, D. C. 


Jan. 9-11—Eighth National Sym- 
posium on Reliability and Quality 
Control (sponsored by AIEE, ASQC, 
EIA and IRE), Statler Hilton Hotel, 
Washington, D. C. 


Jan. 28-31—Semi-Annual Meeting 
of American Society of Heating, 
Refrigerating and Air-Conditioning 
Engineers, Inc., Chase-Park Plaza 


Hotel, St. Louis, Mo. 


Jan. 29-Feb. 2—AIEE Winter Gen- 
eral Meeting and Electrical Engi- 
neering Exposition, Coliseum, New 


York. 


Jan. 29-Feb. 2—Measurement En- 
gineering Short Courses: lecture 
program is $200.00, experimental 
program is $125.00; campus of 
Arizona State University, Tempe, 
Ariz. 


Jan. 30-Feb. 2—Eighteenth Annual 
Technical Conference of Society of 
Plastics Engineers, Penn-Sheraton 
Hotel, Pittsburgh. 


Feb. 5-9—ASTM Committee Week, 
Statler Hilton Hotel, Dallas, Texas. 


Feb. 6-8—Seventeenth Reinforced 
Plastics Division Conference (spon- 
sored by Society of the Plastics In- 
dustry, Inc.), Edgewater Beach Ho- 
tel, Chicago. 


Feb. 7-9—Third Winter Convention 
on Military Electronics (sponsored 
by IRE), Ambassador Hotel, Los 
Angeles. 


Feb. 14-16 —International Solid 
State Circuits Conference (spon- 
sored by AIEE, IRE and University 
of Pennsylvania), Sheraton Hotel 
and University of Pennsylvania cam- 
pus, Philadelphia. 


Feb. 18-22—Electrical Insulation 
Conference — Materials & Applica- 
tion (sponsored by AIEE and 
NEMA), Shoreham Hotel, Wash- 
ington, D. C. 











ULTRA COMPACT 
AUDIO UNITS 


TRANSFORMERS 
AND REACTORS 


dl Ses 


IMMEDIATE 
_ DELIVERY 


-» From Stock 


UTC “A” SERIES, Ultra Com- 
pact audio units are small and 
light in weight, ideally suited to 
remote amplifier and similar 
compact equipment. They are 
designed for both transistor and 
tube applications. High fidelity 
is obtainable in all individual 
units, the frequency response 
being + 2 db from 20 to 20,000 
cycles, except where noted. Her- 
metic equivalents, “H” series, 
are available manufactured to 
MIL-T-27A. All units except 
those carrying DC in Primary 
employ a true hum balancing 
coil structure, which combined 
with a high conductivity outer 
case, effects good inductive 
shielding. The die-cast case pro- 
vides for top or bottom mount- 
ing. These units are adaptable 
for use in printed circuits. 


UNITED 
TRANSFORMER 
CORPORATION 


150 Varick Street, New York 13, N.Y. 


PACIFIC MFG. DIVISION 
4008 W. Jefferson Bivd., Los Angeles 16, Calif. 


EXPORT DIVISION: 
13 East 40th Street, New York 16, N. Y. 


WRITE FOR LATEST CATALOG 


Circle 146 on Inquiry Card 139 





LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, betause of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as Castings. 


MUELLER HAS THE METALS... . and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you’re making 
missiles or mowers...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 38, MICHIGAN 
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New BOOKS 


for Science 
and Engineering 


| Conducted by Dorothy J. Beveridge 


Progress in Optics, Vol. I, edited by 
E. Wolf, Interscience Publishers, 
Inc., New York (1961), 342 pages, 
$12.00. 

This first volume of a series gives re- 

view articles about current optical re- 

search, both theoretical and applied. 

Related fields, such as electron optics, 

X-ray structure analysis, microwave 

antenna design, and radio astronomy 

may also be covered in later volumes. 


An Introduction to Information 
Theory, F. M. Reza, McGraw-Hill 
Book Co., Inc., New York (1961), 
496 pages, $13.50. 

Under three main topics (probability 
theory, information theory and coding 
theory) this text discusses: set theory; 
elements of Markov chains; stochastic 
processes; sampling theorem; elements 
of vector spaces; and uniquely deciph- 
erable, separable, optimum _ error- 
correcting, and group codes. Several 
proofs of the fundamental theorems of 
information theory are included. 


Electromechanical Components 
for Servomechanisms, S. A. 
Davis and B. K. Ledgerwood, Mc- 
Graw-Hill Book Co., Inc., New York 
(1961), 338 pages, $11.50. 

The purpose of this book is to enable 

the design engineer to select rotating 

components and apply them for maxi- 
mum reliability. Electrical and mechan- 
ical features are given for potentiom- 
eters, synchros, induction potentiom- 

eters and resolvers, tachometers and a-c 

and d-c servomotors. Physical princi- 

ples are emphasized, with an avoidance 
of advanced mathematics. 


Introduction to the Kinematic 
Geometry of Gear Teeth, A. H. 
Candee, Chilton Co., Philadelphia 
(1961), 204 pages, $12.50. 

The scope of this book is restricted to 

spur gears, in which the same profile 

curve exists all along a tooth. The basic 
problem concerns contact between 
tooth profiles in a plane, and related 
problems can be solved by two-dimen- 
sional plane geometry and kinematic 
geometry. Tooth generation and tooth 
design are treated as an important part 
of gear design. A graphical method is 
employed that consists of geometrical 
constructions by lines and points, com- 








with accurate 
SERVO-TEK SPEED 


INDICATING SYSTEM 


A truly versatile “pockage” 
provides accurate speed indi- 
cation for almost anything that 
moves. Nearly every industrial 
process or machine can benefit 
by the economy and safety of 
continuous speed indication. 


FEATURES 


SELF-POWERED No batteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. 


PERMANENTLY LUBRICATED BALL 
BEARINGS. 


EASILY READ 412" INDICATOR 
Damped to withstand vibration 
and shock. 


STANDARD RANGES 0 to 100, 
250, 500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds can also be 
provided to read “Percent of Full 
Speed” or “Percent of Capacity.” 
0 to 10 RPM available at small 
additional cost. 


$87 0 includes generator, 

indicator (specify 
range), mounting base, coupling, 
and 15 ft. of electrical cable. 
Delivery from stock. Quantity 
discounts. 
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MUELLER CAN MAKE MOST ANYTHING IN 
IMPACT EXTRUSIONS... 


We don’t really make locomotives, but the 18 

different Cold-Prest impact extrusions represented 

in the model were cold forged to exacting tolerances from 
a number of aluminum, copper, brass, and steel alloys. 


These parts are employed in products ranging from door 

closers to missiles. Mueller has also made important advances 

in the production of copper impact extrusions that are especially 
adaptable to electronic applications. Cold forgings are precision 
produced to exacting tolerances and offer the additional advantage 
of a better finish and appreciable metal savings. 


Mueller’s flexible facilities for the production of Cold-Prest Impact extrusions 

make practical long or short runs of simple or relatively complex shapes on an 
economical basis. In addition, the entire Mueller engineering staff, excellent machining, 
finishing and assembly facilities are readily available to you when you... 


LET MUELLER MAKE IT! 


Write today for Engineering 
MUELLER BRASS co. Manual No. FM-3019 


PORT HURON 38, MICHIGAN 
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HEYCO 
STRAIN 
RELIEF 


ABSORBS PULL BUSHINGS 


For standard Pal 
and special 
wires and 
cables 


: 
The 
* Approved 


Star 


for Insulating 
and Anchoring 


ELECTRICAL 


ABSORBS PUSH 
s TWIST — & CABLES 


Approved 
HEYCO 


Silap Bushings 


Insulation and mechanical pro- 
tection for electrical wire &cable, 
hose, tubing & rope—a bearing 


HEYCO JUNCTION-TERMINAL 
BUSHINGS 


Miniature Insulated Receptacle 
Eliminate “Pig-Tail” 
Wire Leads 
Mate with 3/16 or 1/4” 
female terminals 


HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 
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| bined with numerical calculations of 
| distances and angles. Use is made of 
| the ideas of instant centers and centers 
| of curvature. 


Linear Circuits, R. E. Scott, Addison- 
Wesley Publishing Co., Inc., Read- 
ing, Mass. (1960) , 928 pages, $11.75. 

Part 1 of this text is a study of time- 

domain analysis, including basic theory, 

singularity and response functions, 
differential equations and convolution 
theory. Part 2, covering frequency- 
domain analysis, treats the network 
system functions in the frequency do- 
main and the use of Fourier series, 

Fourier integrals, and Laplace trans- 

forms and power density spectra for 

more general input functions. 


Engineering 
Standards 


NEMA Standards 

LI-3-1961, High-Temperature Prop- 
erties of Industrial Thermosetting 
Laminates, 35¢. Shows the results of 
additional high-temperature work done 
since 1959 on the flexural and dielec- 
tric strength of Grade XXXP, LE, G-5, 
G-7, G-11 and GPO-1 laminates. 

VF 9-1961, Varnished Polyester Non- 
Woven Fabric, 25¢. Covers ordering in- 
formation, methods of test, dimensions, 
physical and electrical properties, 
manufacture, packing, marking and in- 
spection of yellow and black fabrics 
used as electrical insulation. 

WC 5-1961, Thermoplastic-Insulated 
Wire and Cable, $3.50. Describes con- 
ductors, grades of insulation, protective 
coverings and constructional and di- 
mensional details common to most ther- 
moplastic-insulated wires and cables in 
the range of 0 to 15,000 volts. The 
thermoplastic insulations and jackets 
covered are compounds made from 
polyvinyl chloride. 

WC 30-1961, Color Coding of Wires 
and Cables, 35¢. Covers asbestos-insu- 
lated range wire, flexible cords, and 
wires and cables insulated with rubber, 
thermoplastic compounds, asbestos, as- 
bestos-varnished cloth, and asbestos- 
thermoplastic insulation. 

WD 1-1961, American Standard Out- 
let Receptacles, Attachment Plug Caps 
and Appliance Plugs, $1.50. Deals with 
configurations and dimensions of 125- 
volt, 125/250-volt, 250-volt, 277-volt 
midget-locking-type and locking-type 
caps and receptacles and of appliance 
plugs and receptacles. 

Copies are available from the Na- 
tional Electrical Manufacturers Asso- 
ciation, 155 E. 44 St., New York 17. 


McLEAN 
FANS & 








FAST DELIVERY FROM STOCK 
HUNDREDS OF MODELS 
CUSTOM DESIGNING 


Also a complete line 
of fractional horsepower motors 


WRITE TODAY 
44 Page Packaged 


Cooling Catalog 
ENGINEERING 


McLEAN LABORATORIES 


World Leader in Packaged Cooling 


Princeton, N. J. * WAlnut 4-4440 
TWX Princeton, New Jersey 636 
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Se 
ao Ras ee 


An unusual combination of advantages found only 
in mercury-wetted relays has led many design engi- 
neers to specify them for tough switching jobs. Here 
are but 3 typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are 
renewed with every operation. Won’t pit or weld. 
Make or break is positive . . . every time. No bounce, 
no chatter. Signals ranging from a few micro amps 
to 5 amps are switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations 
when considering JM series relays. Proper applica- 
tion, of course, is a requisite. 


SPEED. Operate time is just less than 3 milliseconds 
using 2 watts of power. Release time is about 3.2 
milliseconds. Thus, relays can be driven 100 times 
per second. 

If your project calls for exceptional relay perform- 
ance, perhaps the answer lies in our JM Mercury- 
Wetted contact relay. 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY ° 


IN CANADA: 


@© conTACT RELAYS 
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JM SERIES ENGINEERING DATA 


Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection. 


Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All 
Form D.) 


Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 


Coil Resistance: 
2 to 58,000 ohms. 
More information? 
Write today for free catalogue. 
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POTTER & BRUMFIELD 
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Editorial REPRINTS Available 


As manuscripts are projected for 

publication in each issue of Elec- 
tro-Technology, the board of editors 
i 


determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


[ 924 — Thermistor-Resistor Temperature- 
Sensing Networks, November 1961, 5 pages. 
Procedure for the design of networks (either 
four-pole or two-pole) consisting only of a 
thermistor and resistors for use in temperature- 
sensing applications. Positive or negative tem- 
perature coefficients may be used. Extensive 
tables give design parameters. 


(10 933—Digital Matchers, Novmber 1961, 4 
pages. The matching (or coincidence indicating) 
circuit is an important part of any digital sys- 
tem. Various ways of designing the circuits are 
discussed, with special emphasis on the use of 
transistor-resistor logic. 


([) 928—Improving Analog-Circuit Reliability 
with Redundancy Techniques, October 1961, 
10 pages. A summary of the results obtained by 
the application of redundancy to various types of 
analog circuits and devices. Both passive and 
active (switching) redundancy are described and 
compared. Formulas are derived for ascertaining 
actual reliability improvement to be ex 


(0 904—Hyperbolic Functions, October 1961, 
6 pages. Hyperbolic functions and inverse hyper- 
bolic functions are defined in terms of e* and 
e-*. All algebraic and trigonometric properties and 
their associated operations are derived from the 
basic definitions. The transmission-line problem 
is broadly discussed and its solution as a network 
is found to be ultimately dependent on hyperbolic 
functions. 


(J 926—Transient Protection for High-Fre- 
quency Transistors, September 1961, 3 pages. 
Three common types of transistor circuits (video 
and r-f amplifiers, mutually coupled amplifiers, 
etc.) are analyzed with a view to discovering 
what causes transistor failures due to switching 
transients. Proper designs to prevent undesirable 
transients are prescribed. 


(1) 935—Copper-Base Alloy Spring Materials, 
September 1961, 6 pages. The properties of cop- 
per-alloy spring materials are investigated and 
evaluated for design-engineering applications. 
Materials-selection factors are studied and limiting 
design factors for the materials are given. Selection 
of standard materials is logically studied for choice 
in design, and then extrapolated to the newer 
alloys. A special two-page chart lists alloy classes 
and their properties, plus a cost evaluation of the 
materials. 


0) 925—Digital Logic Modules, September 
1961, 9 pages. The theory of operation of the 
various types of logic circuits (diode gates, tran- 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

if multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 


1 Gratis 
5 $2.00 
10 3.75 
25 7.50 


Number of pages 
16-32 


Gratis 


$3.75 
6.00 
12.50 


sistor-resistor logic, direct-coupled transistor logic, 
etc.) is explained and examples of the many vari- 
ous commercially available modules to perform 
these functions are given. Electrical and physical 
characteristics of modules made by eighteen differ- 
ent companies are included. 


(0 937—Semiconductor Failure Analysis Using 
Characteristic Curves, August 1961, 4 pages. 
Various types of semiconductor failures (mechanical 
stress, voltage breakdown, degradation, etc.) are 
described and their causes enumerated. Illustrations 
show how each type of failure affects the charac- 
teristic curve so that it can be recognized when 
testing components. 


(0 952—Frequency Dependence of Electric 
Strength . . . a Design Consideration Analysis, 
August 1961, 7 pages. The results of an intensive 
research program at The Johns Hopkins University 
Dielectrics Laboratory to determine the breakdown 
values of electrical insulation at frequencies up to 
100 mc. Data are summarized and analyzed on 31 
different classes of materials, including plastics 
molding compounds, resins, plastics laminates, 
ceramics, glass and mica products. 


(1) 914—Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 151.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


(1) 941—Human Factors Engineering Standards, 
August 1961, 7 pages. The basic considerations 
underlying the development of human-factors 
standards and specifications for a given system are 
discussed. Step-by-step procedures are described as 
applied to equipment designed for the Polaris sub- 
marine, but that may be adapted for other systems 
as well. Such procedures involve system component 
search and evaluation from the human-factors 
standpoint. Selected design ‘‘guidelines” and “‘check 
lists” that result from procedures and studies are 
included in this article as illustrations. 





[ 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contract failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing methods. 


(0 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 
sion between housing and gears. 


[1 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices (dis- 
crete components, 2-D integrated circuits, solid- 
state circuits, molecular function blocks). In 
addition to the factors of economics, the dis- 
cussion takes in problems of techniques, relia- 
bility, standards and relationship between system 
and device engineering. 


[] 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961, 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test data are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona conditions and previous lack of 
meaningful evaluation. 


[] 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
ing rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test results are pointed out. 


[) 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
rating within limits of overall performance. 
Modifications of the computer program for de- 
signing rectifier plate transformers and linear 
inductors are included. 


(0 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles of 
analog simulation based on similarity of system 
equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given. 


[) 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective’’ 
to implement a number of sample circuits. 


( 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost vs intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 
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(1 944—Control System Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system ele- 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on ‘Automatic Control System 
Design’’ (see page 151). 


(] 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applications 
of small compression, extension, torsion, and flat 
springs are considered, with examples worked 
out with the aid of established equations and 
tabular data on material properties. Conservative 
stress values are in line with military reliability 
norms. 


() 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film-type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 
cryotrons is foreseen is extremely compact digital- 
computer systems. 


(1) 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical 
Manuafcturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes. 
Circuits and illustrations fully support the text. 


(0 923—Stability of Epoxy-Encapsulated Mag- 
net-Wire Systems—An Analysis of Compati- 
bility Factors, March 1961, 9 pages. Rapid 
increase in the use of encapsulated windings and 
coils in motors and other applications creates a 
need for studies of the compatibility between 
resin encapsulant and magnet-wire insulation. 
This article reviews basic parameters in encapsu- 
lated magnet-wire system design, describes test 
methods used in incompatibility studies, and pre- 
sents summaries and interpretations of test data ob- 
tained from several major test programs. 


(1) 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks. 


0) 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 


[] 915—Advances in Magnetism and Mag- 
metic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
gineering function are reviewed and interpreted: 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alioys, 
soft magnetic materials, Text supported by charts 
and graphs. 


(1) 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page, Design Trends, 
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and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross Index which form 
the basis of the index system. 


(0 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems. Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions. 


(0 940—Applications of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


( 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement of 
rules for the manipulation of simple flow-graph 
forms, and a definition and description of basic 
modules for simple two-port networks. The modu- 
lar concept is expanded to include flow graphs 
representing three-terminal devices. These are 
used as modules to construct more complex flow 
graphs. 


(0 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


(0 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part I 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are give on 
load-carrying capabilities, crosstalk, r-f attenuation, 
and on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


[] 951i—-Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic para- 
meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 
in these properties due to nuclear radiation 
energies are examined. 


() 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The fundamental 
voltage and geometrical relations of the Hall 
effect are presented. The possibility of using the 
Hall phenomenon for angular function generators 
is investigated, and the various potential char- 
acteristics of such generators considered. 


0 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different metals and 
laminated phenolic. 


Errata 


The following errata should be noted 
in “Electromechanical Energy Conver- 
sion,” September 1961, starting on p 95. 

Page 105: immediately following Eq 
(45) a, a? and a® should be a, a? 
and a®, 

Page 115: immediately following Eq 
(119), g/r should be g/R. 

Page 115: in the first line, and in 
Eqs (119), (120) and (126), a should 
be a. 
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got your goat? 


He’ll take other things, too, 
including accurate teleme- 
tering signals, clear radar 
displays, correct computer 
answers — almost anything 
in the electronics communi- 
cation fieid can fall victim 
to this menace. May we 
recommend our protection? 
Electro @ International has 
satisfied Military require- 
ments governing RFI Con- 
trol for over a decade — all 
over the world. Write for our 
RFI Control Capabilities 
Brochure. 
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ML Magnet Wire is available in all sizes 





Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Elec- 
tro-Technology. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. (Such orders may be for multiple 
copies of one reprint, or an “‘assort- 
ment” of reprints.) Prices for larger 
quantities are available on request. 


Reprint Title 

All regular $1.00 reprints §. 
Electrical Insulation—1960 1. 
Automatic Control Systems 2. 
Boolean Algebra 1, 
Semiconductor Electronics 1. 
The Forum 1. 

2) 
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Heat-Transfer Compendium 
JIC Standards 
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One-Year S & E Subscription 
Now Available 


(0 For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appears, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month's feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer. ) $6.00 


(1 Analytic Functions of a Complex Variable, 
November 1961, 22 pages. Review of complex 
numbers; operations and algebraic laws, mapping. 
absolute value and phase, the algebra and trigo- 
nometry of complex numbers, and the roots of 
complex numbers. Functions of a complex variable; 
definition of terms for the study of functions, 
limits, continuity, differentiation; the Cauchy- 
Riemann conditions, and polar coordinates. 
Analyticity, the harmonic functions, the Laplace 
equation, line integrals in simply and multiply 
connected regions, Green's theorem, the Cauchy- 
Goursat integral theorem and Cauchy's integral 
formula. Infinite series of complex numbers, the 
Laurent series, the theory of residues and the La- 
place transform integral solution for poles and 
residues. $1.00 


0 Cryogenics: I — Environment/Phenomena/ 
Applications; II — Selection Data for Structural 
Materials, September and November 1961, 22 
pages. A comprehensive examination of the sub- 
ject providing (in Part 1) a state-of-the-art re- 
view of the science and technology of cryogenics, 
particularly from the standpoint of its impact on 
the design of electrical/electronic devices, equip- 


148 


(0 Heat-Flow Theory and Extend-d Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, ““Extended Surfaces for 
Heat Transfer," February through July 
1961; the article “Bessel and Gamma 
Functions,” January 1961; and the S 
& E series article, ‘“‘Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analysis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


ment and systems. Effects of cryogenic environ- 
ment and induced phenomena in the behavior of 
materials are discussed. Examples of cryogenic de- 
sign are described. In Part II, the results of a 
comprehensive evaluation study of metallic and 
nonmetallic materials under cryogenic conditions 
are given. Evaluation data are tabulated and their 
significance analyzed. Materials discussed include 
stainless steel, aluminum, titanium and cobalt- 
nickel alloys, plastics laminates, thermal insula- 
tions and adhesives. $1.00 


(0 Electrical Breakdown in Solids and Liquids, 
October 1961, 20 pages. The basic concepts of 
electrical breakdown are examined in relation to 
solid and liquid substances, continuing the pre- 
vious discussion of such phenomena in gases (see 
note below). Breakdown in polar and non-polar 
solids, also in amorphous and partially crystalline 
substances, is discussed. Electronic theories of 
breakdown are examined, also the nature of ther- 
mal breakdown mechanisms, breakdown initiated 
by gaseous discharge, and certain interim processes 
that lead to failure. Various experimental results 
related to liquids are reviewed. Effects of time, 
temperature and pressure (also of electrode mater- 
ials and configurations) are discussed. Graphs and 
an extensive bibliography are provided. A sum- 
mary chart compares the nature of electrical 
breakdown in the three states of matter. $1.00. 
Note: This reprint, if ordered together with a 
reprint of the first article, “The Fundamental 
Nature of Electrical Breakdown,” February 1961 
issue, may be obtained at the special combination 
price of $1.50. 


© Electromechanical Energy Conversion, Sep- 
tember 1961, 26 pages. The dynamic nature of 
electromechanical devices, including motors and 
generators, makes static equivalent-circuit repre- 
sentation for such devices inadequate for perform- 
ance and system analysis, especially in the all- 
important transient conditions. In this article, use 
of force-energy relations for deriving significant 
and flexible relations between electrical and me- 


(0 Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu- 
larly concerned with problem areas such 
as insulation systems compatibility and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


chanical elements is described in detail. Methods 
of developing dynamic circuit equivalents for 
electromechanical components are induced from 
basic physical laws, and their use a 


( Electrochemical Energy Sources (June & July 
1961) and Unconventional Power Sources 
( August & September 1961), 32 pages. Contains: 
(1) a study of the characteristics and systems design 
of several types of galvanic power sources for missile 
and space-vehicle uses—silver oxide/zinc and 
nickel/cadmium batteries; (2) reviews of the 
various types of power sources being developed or 
considered to supply more power under unusual 
circumstances—fuel cells, thermoelectric and ther- 
mionic converters, solar cells, magnetohydrody- 
namic converters, photoemissive generators, ferro- 
electric converters. $1.00 


(0 Tensor Analysis, August 1961, 18 pages. The 
methods of tensor analysis are developed, with 
emphasis on those aspects useful in engineering. 
The role of the tensor as a generalized mathematical 
statement, of which scalar and vector quantities are 
specific cases, is clarified, and various important 
transformation techniques illustrated. $1.00 


(0 Semiconductor Electronics, 44 pages 
plus cover. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


(0 Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the behavior of metals under various environ- 
ments and service conditions, valid conclusions are 
drawn from current research and development for 
the prediction of wear rates and wear resistance. 
Methods for the minimization of wear are also 
presented. $1.00 


0 Vector Analysis, June 1961, 20 pages. The 
powerful methods of vector analysis are fully de- 
veloped on the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected for more profound views of Kirchoff's 
laws and Maxwell's equations. $1.00 


© Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making, 
Man and the Control Process, Human Vigilance, 
Human Skills as Systems Considerations, Environ- 
mental Stress, and Human Interactions. $1.00 
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O Quantum Electronics, April 1961, 12 pages. 
An introduction to the theory of quantum mech- 
anics written for the elecrical engineer concerned 
with its applicaton to solid-state devices such as 
semiconductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrodinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 


ple. $1.00 


(9 Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns, 
laws and mathematical models revolving around 
the theory of probability fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers, averaging, estimation, random 
Processes, correlation theory, spectral analyses, 
the Gaussian process, construction of tests, games 
theory. $1.00 


(] Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning with classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 
sign implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies are 
used, in addition to mathematical derivations. 
Basic concepts discussed are drawn from phenom- 


ORDER FORM 


No. of 
copies 


Analytic Functions of a Complex Variable ..... 


ena of breakdown in gases—applicable to explana- 
tion of breakdown in liquids and in solids. $1.00 
Note: This reprint, if ordered together with a 
reprint of the second article, ‘Electrical Break- 
down in Solids and Liquids,” October 1961 issue, 
may be obtained at the special combination price 
of $1.50. 


[] Introduction to Network Synthesis, January 
1961, 20 pages. Basic characteristics of network 
synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi- 
mation of a given curve by an appropriate rational 
function, related problems. $1.00 


00 Electrical Insulation Deterioration, Decem- 
ber 1960, 8 pages. Nature of thermally accelera- 
ted deterioration of electrical insulation (and 
other organic materials, such as plastics) dis- 
cussed from viewpoint of practical design en- 
gineering parameters. Among other aspects, re- 
lationship between deterioration process and 
equipment and systems reliability is analyzed. 
$1.00 


() Electrical Noise, November 1960, 20 pages. 
Major types and origins of electrical noise, and 
the effects of noise on system behavior. Examples 
given of techniques for evaluating system per- 
formance in terms of noise sensitivity and reduc- 
tion. Emphasis on concept of noise as a random 
process, as distinguished from systematic or peri- 
odic interference. $1.00 
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Ring Binder for Science & Engineering Reprints. .$_____ 


(1 Ring Binder for Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feature both safe and 
handy will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1%4-in. rings will accommodate about 
twenty S & E reprints. $2.50 


( Number—The Language of Engineering, 
October 1960, 16 pages. The theory of numbers 
is concerned with the properties of integers and 
is used by the engineer for a wide range of 
problems, such as: the use of the sawtooth 
function to synthesize all types of discontinuous 
waveforms, the representation of an integer as a 
sum of squares, etc. $1.00 


( The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of the 
causes, mechanics and chemistry of corrosion. 
Methods for prevention are outlined. Design 
considerations and types of materials and treat- 
ments are interpolated for control of specific types 
of corrosion met in engineering design. $1.00 


(0 Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
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APPLICATION REPORT NUMBER’ 1 
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New T| DALMESA iransistors Give IMPROVED 


HF Oscillator Performance From -—40 to +/70°C 


@ Solve your industrial communications 
design problems today with TI’s new 
DALMESA 2N2188 series. This new 
germanium alloy diffused mesa tran- 
sistor family is specifically designed 
to meet your requirements for high- 
performance, low-noise, economically- 
priced transistors for application over 
the entire communications band from 
de to 150 mc. H The extremely low, 
low-frequency noise corner and high 
alpha cutoff frequency offered by new 
DALMESA transistors result in low-noise 
performance over a very wide bandwidth 
—the 2N2188 series gives you a typical 
mid-frequency noise figure of 1.5 db. 


TEST CONDITIONS 


—50 ma 
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Nte (at 1 kc) 
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Noise Figures§ (at 1 mc) Vee = =Ty i¢ = 


@ These new devices also give you guar- 
anteed gain/bandwidth products of 
60 and 102 me to assure excellent 
performance in your IF, RF and video 
amplifiers. Increased high-frequency 
stability results from the guaranteed 
maximum output capacitance of 2.5 
pf at 9 volts. BH Apply new DALMESA 
transistors to your communications 
designs today and take advantage of the 
increased performance capabilities of 
this new Texas Instruments series. These 
new 125-mw transistors are immediately 
available through your nearest TI Sales 
Office or Authorized TI Distributor. 
2N2191 


2N2189 2N2190 


60 v min 
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60 min 
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microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors. $1.00 


() Basic Differential Equations, July 1960, 20 
pages. First-order differential equations (method 
of separation of variables, the integrating factor, 
homogeneity), higher-order differential equations 
(the differential operator, non-homogeneous equa- 
tion, Picard’s method, solution of equations with 
variable coefficients by power series). Application 
to basic mass-spring-damper system throughout, 
with examples. $1.00 


(0 Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distributed-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments $1.00 


(1 Introduction to Molecular Engineering, May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
prescribed characteristics. Part II examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach. Part III provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


0 Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
reasoning, contained in Aristotle’s syllogism, de- 
veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 





C) Electrical Insulation—1960, December 1960, 
52 pages, special Research and Application Re- 
port. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Prog- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards, in- 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


[J] The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: ‘‘Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles’’ (December 1960); ‘‘Analysis 
of Numerical Control! Systems,” a functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960); ‘Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject by experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control systems (March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 
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scnematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit. $1.00 


(0 Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic principles 
of radiation and detection (including Wien’s 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals, and semi- 
conductors. Various types of sources, windows, 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra- 
red in practical applications. $1.00 


(0 Thermoelectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the light of new semi- 
conductor thermopile compounds, Thermo- 
electricity is discussed from free-electron and ther- 
modynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing. $1.00 


[] Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
cuits which involve isolated and _ unrelated 
“methods” of analysis. $1.00 


[] Determinants and Matrices, December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
statements. Included are specific rules for the 
use of determinants for solving systems of simul- 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems, 
and the underlying principles of matrix algebra. 
Examples demonstrate the time- and error-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


( Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, -transform and _ z-transform 
methods. Shows how to plot Nyquist, Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampling 
adequacy, ‘“‘pseudo-sampling’’ for determining 
between-sample response and the use of the z 
transform for table-generating function. $1.00 


[1] Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 


(0 Digital Computing Machines, October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
inology. Tabulation of special world-wide survey 
of digital computing machines presents essential 
characteristics of digital cornputing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


(] Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re- 
search and development on small transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiaton. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials, magnet wire (both wire and insula- 
tion), magnetic core materials, and transformer 
structural materials. $1.00 


() Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on _ the 
design of servomechanisms. In the process of 
describing design by transfer function, system 
equation, and root-locus methods, techniques of 
analysis such as Bode diagrams, Routh’s criterion, 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 





quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


(] Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover. 
Covers: (1) characteristics and advantages of 
the digital approach; (2) basic principles of 
coding, sampling and quantizing; (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices; 
(5) digital control actuators. $1.00 


([] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular formation of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical, 
electrical, chemical properties of polymers. $1.00 


[] The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices. $1.00 


[] Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 
their basic design relationships to fundamental 
properties. $1.00 


(] Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various “num- 
bers’’ (Reynolds, Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


[] Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Systems. 

$1.00 


ork _ rT 


Originally published in these pages as a series 
of six articles. $3.00 


([] Engineering Applications of Boolean Alge- 
bra, 68 pages. A design guide to the analysis and 
synthesis of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hydraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 


(1) Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation: Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


(J JIC Electrical Standards for Industrial Equip- 
ment, June 1957, 24 pages. Revised specifications 
for application of electrical apparatus to machine 
tool and other industrial equipment, as adopted by 
the Joint Industry Conference held in Detroit, 
March 1957. Single copies, $1.00. Multiple 
quantities may be obtained at the following prices: 
5—$3.75; 10—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order payable to 
ELECTRO-TECHNOLOGY, 205 E. 42 St., N.Y. 17. 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . . including 
catalogs, manuals and other reference publications relating to components 
and materials for designed-in use in electrically energized end products. 


PLASTICS CATALOG 


Four-page brochure, illustrated with 12 
bar graph charts, discusses and com- 
pares properties of eight plastics. 
Graphs compare heat distortion tem- 
peratures, material costs, coefficients of 
friction and chemical resistances of the 
plastics. Cadillac Plastic & Chemical 
Co., 1511 Second Ave., Detroit 3. 


Circle 756 on Inquiry Card 


PLUG AND JACK CATALOG 


Catalog 70, 16 pages, covers complete 
line of plugs and jacks for terminal 
and printea-circuit boards. Punched 
for inclusion in loose leaf binders, the 
catalog contains detailed information, 
including line drawings and tables, on 
35 basic types of plugs and jacks. 
Cambridge Thermionic Corp., 445 Con- 
cord Ave., Cambridge 38, Mass. 


Circle 757 on Inquiry Card 


DIGITAL INSTRUMENTS 


Catalog 19-92, four pages, illustrates 
series of d-c and a-c/d-c voltmeters, 
preamplifiers, digital scanners and read- 
outs. Includes photographs, descrip- 
tions and _ specifications. Accessory 
converters and printer drive cables are 
described. Cohu Electronics, Inc., 5725 
Kearny Villa Rd., San Diego 12, Cali. 

Circle 758 on Inquiry Card 


D-C RELAY 


Single-page data sheet details hermeti- 
cally sealed Type SR d-c relay. Con- 
tact arrangement is DPDT, rated at 2 
amp at 28 volts d-c. Pull-in power is 
1.3 watts, contact resistance is 0.05 
ohm max. Operating time is 15 millisec 
max. Comar Electric Co., 3349 Addison 
St., Chicago 18. 


Circle 759 on Inquiry Card 


PANEL INTRUMENTS 


Bulletin 01-111, six pages, discusses 
features, selection and uses of 214 and 
31% in. matched panel instruments avail- 
able in round or square phenolic resin 
cases. Flush-mounting meters are com- 
pletely described in each model and 
range. Data on dimensions, availability 
of shielded and unshielded types, ac- 
curacies, power consumption and ex- 
panded-scale types are included. Day- 
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strom, Inc., Weston Instruments Div., 
Newark 12, N. J. 
Circle 760 on Inquiry Card 


DIGITAL MODULES 


Two-color, 16-page catalog contains 
detailed information on 1200 Series 
logic modules with typical applications 
for shift registers, accumulators and 
counters. Incorporated are detailed il- 
lustrations, block diagrams and sche- 
matics. Computer Techniques, Inc., 
3300 Northern Blvd., Long Island City, 
Bes 

Circle 761 on Inquiry Card 


EPOXY LAMINATES 


Bulletin 11,200B, six pages, describes 
four grades of glass fabric epoxy and 
one paper epoxy. Includes information 
on “Dilecto 614”, which meets NEMA 
FR-4 and G-10. Information is supplied 
on typical electrical and mechanical 
properties, sizes and thicknesses. Con- 
tinental Diamond Fibre Corp., Newark, 


Del. 
Circle 762 on Inquiry Card 


VARIABLE RESISTOR 


Advance Data Sheet 72-36A, two pages, 
details specifications, dimensional and 
mounting drawings on Type INS-110 
resistor. The unit is a preset 114 watt 
resistor that offers resistances from 1% 
to 5000 ohms. Rated wattage is at 40 
C. CTS of Berne, Inc., Berne, Ind. 


Circle 763 on Inquiry Card 


SOLID-STATE SCANNER 
Product Specification DPS 1A22, two 


pages, covers CM Series scanners for 
sequential switching. Frequency re- 
sponse is to 50 kc, output is —6 volts 
d-c. Operating temperature range is 
—45 to +55 C. Measures 7x11x18 in. 
wide. Datex Corp., 1307 S. Myrtle Ave., 
Monrovia, Calif. 


Circle 764 on Inquiry Card 


DIGITAL INSTRUMENTATION 


A 20-page catalog covers solid-state 
and vacuum-tube electronic counters, 
timers, decade counting units and fre- 
quency measuring instrumentation. The 
catalog lists electrical specifications and 
detailed descriptions of each unit pre- 


sented. Computer Measurements Co., 
12970 Bradley Ave., San Fernando, 
Calif. 


Circle 765 on Inquiry Card 


WIREWOUND RESISTORS 


Catalog, 20 pages, covers line of pre- 
cision miniature, axial-lead, printed- 
circuit and hermetically sealed resistors. 
Includes technical data, performance 
curves and photographs and cross ref- 
erence chart of military specifications. 
The Daven Co., Livingston, N. J. 
Circle 766 on Inquiry Card 


D-C POWER SUPPLIES 


Two-page data sheets cover series of 
solid-state supplies that have outputs 
to 100 volts d-c with current ranges 
from 1 to 20 amp. Noise is less than 1 
millivolt, recovery time is 50 wsec max. 
Input is 115 volts 60 cycles. Deltron 
Inc., Fourth and Cambria Sts., Phila- 
delphia 33. 

Circle 767 on Inquiry Card 


CLUTCHES AND BRAKES 


Catalog 963, 19 pages, covers clutch 
and brake combinations featuring in- 
line construction. In two sizes, torque 
output is 30 in.-oz at 2-watt input and 
110 in.-oz at 314 watts. Standard volt- 
ages are 6, 12, 28, 48 and 100 volts 
d-c. Dial Products Co., 19 Cottage St., 
Bayonne, N. J. 

Circle 768 on Inquiry Card 


MICROWAVE SWITCH 


Single-page data sheet describes SA- 
90 series remotely-controlled SPDT 
switch. Operates within 7 millisec, 
meets MIL-E-5272. Frequencies are to 
6 kmc. Standard connectors are Types 
N, TNC or BNC jacks. Don-Lan Elec- 
tronics, Inc., 1131 Olympic Blvd., Santa 
Monica, Calif. 

Circle 769 on Inquiry Card 


TFE-FLUOROCARBON SHAPES 


Bulletin S61L, four pages, describes 
TFE-fluorocarbon (TFE) moldings, ex- 
trusions, sheets, standard and special 
shapes. Gives details of thin-wall TFE 
tubing. Effect of molecular weight, 
crystallinity, and void content on prop- 
erties is charted; table gives compre- 
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G-E LEXAN’ POLYCARB 


STABLE ELECTRICALS. Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They 
do not loosen, are molded in six attrac- 
tive LEXAN colors for coding. Other fea- 
tures are: low loss and power factor, low 
dielectric constant, high voltage insu- 
lation, non-sink surfaces. 


(Superior Electric) 


HEAT RESISTANCE. Beautiful handles of 
LEXAN polycarbonate resin are used in 
rugged service on U.L. approved solder- 
ing irons. They resist the impact, heat 
and abrasion of daily bench work. The 
hard, glossy handles are light in weight. 
Molded in three pastel colors, they pro- 
vide toughness and sales appeal. 
(Ungar Electric Tools) 


DIMENSIONAL STABILITY. Maximum al- 
lowable change in this 5-inch aircraft 
instrument part is only 5 mils over a 
temperature range of —65° to 300°F! 
And it must maintain this tolerance 
under high humidity. Part is injection 
molded of LEXAN resin as half spheres 
which are solvent cemented, lathe- 
turned and painted. (Lear, Inc.) 








hensive list of physical, chemical, and 
electrical properties of TFE. Driver- 
Harris Co., Harrison, N. J. 

Circle 770 on Inquiry Card 


DIGITAL COUNTER 


Catalog 400, two pages, offers details 
on Model 4-D-9268 counter capable of 
operating at speeds to 1500 rpm. Counts 
to 12,999; torque required is 0.3 in.-oz. 
Withstands environmental  require- 
ments of MIL-E-5272. Readout figures 
have luminosity of 20 plamberts. Durant 
Mfg. Co., 1929 No. Buffum St., Mil- 
waukee 1, Wis. 

Circle 771 on Inquiry Card 


CABLE ASSEMBLIES 


Brochure, four pages, presents informa- 
tion on facilities to assemble conduc- 
tors into tailored cable with jackets 
for waterproof protection. Junctions at 
fanouts and connectors can be molded. 
The brochure explains capabilities in 
producing molded cable and ability to 
design, develop and manufacture equip- 
ment. Electro-Mechanics, Inc., 160 
Whiting St., New Britain, Conn. 

Circle 772 on Inquiry Card 


TUNNEL DIODE POWER SOURCE 


Technical Bulletin 24-661, three pages, 
covers Model TD6M power source for 
tunnel diodes. Bulletin provides full 
descriptive data, specifications, informa- 
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tion and circuit description of power 
source which provides stable outputs in 
the low-voltage-level devices. Electronic 
Research Associates, Inc., 67 Factory 
Place, Cedar Grove, N. J. 

Circle 773 on Inquiry Card 


GENERAL-PURPOSE RELAYS 


Booklet, eight pages, describes Series 
GH relays. Included are specifications, 
typical applications and dimensional 
drawings as well as chart illustrating 
contact symbols and designations for 
all basic contact arrangements. Elec- 
tronics Div., Elgin National Watch Co., 
2435 No. Naomi St., Burbank, Calif. 

Circle 774 on Inquiry Card 


SIGNAL CONDITIONERS 


Four-page brochure and _ specification 
work sheet present information on 2630 
Series signal conditioners for in-flight 
vibration measurements. Presents stand- 
ard and optional specifications, in- 
cludes biock diagrams and explanation 
of operation. Endevco Corp., 161 E. 
California Blvd., Pasadena, Calif. 

Circle 775 on Inquiry Card 


MAGNETOSTRICTION DELAY LINE 


Data sheet 6106, two pages, presents 
information on delay line for low- 
weight, high-capacity storage. Capacity 
is to 10,000 bits at 2 mc digit rate. Lists 
ratings, operating conditions and test 


data; includes electrical specifications 
and mounting data. Ferranti Electric, 
Inc., Industrial Park No. 1, Plainview, 
N. Y. 

Circle 776 on Inquiry Card 


RMS VOLTMETER 


Technical data bulletin, two pages, 
describes Model 901 rms_ voltmeter 
which measures waveforms over 10 
cps to 7 mc bandwidth. Instrument pro- 
vides 100 pvolt max sensitivity. Ac- 
curacy varies from +1 to +5 per cent 
over frequency range. Details operation 
and application data. John Fluke Mfg. 
Co., P. O. Box 7428, Seattle 33, Wash. 

Circle 777 on Inquiry Card 


PRECISION GLASS PARTS 


Four-page brochure describes manufac- 
turing capabilities in redrawn glass. 
Covers details on ID and OD toler- 
ances, roundness and concentricity for 
tubes. Brochure lists complete range 
of glass from standard borosilicate to 
metal-sealing glasses. T. H. Garner Co., 
177 S. Indian Hill Blvd., Claremont, 
Calif. 

Circle 778 on Inquiry Card 


SPRING WASHER CATALOG 


Eight-page Form SW-2/461/5M con- 
tains specifications, photographs and 
descriptions of spring washers. Con- 
tains information on embrittlement-free 
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TRANSPARENCY of LEXAN resin is 
important in chart guide for recorder. 
LEXAN resin is the only transparent 
plastic able to withstand heat generated 
by internal lights. It is distortion-free at 
temperatures up to 270°F and self- 
extinguishing. Its extremely high impact 
strength eliminates cracking of guides. 

(The Foxboro Co.) 


zinc-plating process, Garrett Co., Inc., 
Torresdale at Tolbut St., Philadelphia 
36. 


Circle 779 on Inquiry Card 


LOW-NOISE TRAVELING-WAVE TUBES 


Bulletin PT-53, 16 pages, includes 
basic description, design and applica- 
tion information and technical specifi- 
cations of seven tube types: Z-3028, 
Z-3103, Z-3088, ZM-3093, Z-5259, Z-3031 
and Z-3040. All are permanent-magnet 
types except Z-3040, which is electro- 
magnetic. Power Tube Dept., General 
Electric Co., Schenectady 5, N. Y. 
Circle 780 on Inquiry Card 


TIME METERS 


Bulletin GEZ-3354, four pages, con- 
tains information on applications, fea- 
tures, specifications of elapsed-time 
panel meter Type 236. Includes stand- 
ard ratings, schematics, photographs 
and engineering drawings. General 
Electric Co., Schenectady 5, N. Y. 

Circle 781 on Inquiry Card 


POWER TRANSISTORS 


One-sheet Application Note 15-A, in- 
cluding description and characteristic 
curves, covers the stability of 2N1358 
and 2N174 under high-temperature 
storage conditions. Delco Radio Div., 
General Motors Corp., Kokomo, Ind. 

Circle 782 on Inquiry Card 


NOVEMBER 1961 


~ GEAR AND PINION CATALOG 


GOOD DIELECTRIC— 
AND MUCH MORE! 


“a 


TOUGHNESS. Press-fitted into metal 
gear used in an electric drill, bushing of 
LEXAN polycarbonate resin provides 
safety from electric shock . . . helps 
eliminate need for additional grounding. 
Strength and creep resistance of LEXAN 
resin enables bushing to withstand 
torque and load requirements of drill. 
(Millers Falls Co.) 


GENERAL 


ARE YOU LOOKING FOR A PLASTIC 
THAT CAN REALLY TAKE IT? 


To demonstrate the toughness of 
LEXAN resin, salesmen will some- 
times slam and hammer a product 
made of the material. LEXAN has 
the highest impact strength of any 
plastic — amounting to 12-16 foot- 
pounds per inch of notch—and it 
usually emerges unscathed from en- 
counters with such “merchandising 
stresses”. It is a high-performance 
material, likewise, with regard to 
high-temperature behavior and di- 
mensional stability. 

Its many other advantages make 
it a priority material for thorough 
investigation by all designers, engi- 
neers and molders. We will be 
pleased to supply you with informa- 
tion on the properties, processing and 
end-uses of LEXAN resin. Don’t 
hesitate to write to us. General Elec- 
tric, Chemical Materials Department, 
Section ET-91, Pittsfield, Mass. 


LEXAN* 


Polycarbonate Resin 


@ eEvectric 
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Release 3001-C, 10 pages, covers com- 
binations of die-cast zinc-alloy, one- 
piece combinations available from stock 
dies or off the shelf. Contains engineer- 
ing drawings and tables showing pitch, 
number of teeth, pitch diameter, etc. In- 
cludes over 200 combinations. Gries Re- 
producer Corp., 400 Beechwood Ave., 
New Rochelle, N. Y. 

Circle 783 on Inquiry Card 


REGULATED POWER SUPPLIES 


Long-form Catalog, 44 pages, covers 
the recent developments in regulated 
transistorized supplies and lists com- 
plete specifications and engineering 
features. Includes 21 models. Harrison 
Laboratories, Inc., 45 Industrial Rd., 
Berkeley Heights, N. J. 

Circle 784 on Inquiry Card 


HEATING ALLOY 


Eight-page Bulletin 112 describes prop- 
erties of Alloy 750, a low growth, iron- 
chromium-aluminum resistance material 
for use in devices with operating tem- 
peratures below 2050 F. Includes tabu- 
lation and mechanical properties. Con- 
tains information on design with and 
use of the material. Hoskins Mfg. Co., 
4445 Lawton Ave., Detroit 8. 

Circle 785 on Inquiry Card 


INTEGRAL-HP MOTORS 


Bulletin L-3314A, six pages, contains 
selection and _ specification — tables, 
mounting-arrangement drawings, speed- 
torque curves and principal dimen- 
sions. Covers single-phase motors to 
five hp and three-phase units to 10 hp. 
Howell Electric Motors Co., 16316 W. 
Seven Mile Rd., Detroit 35. 

Circle 786 on Inquiry Card 


ELECTRONIC GENERATOR 


One-page release describes “Powertron” 
Model 150 generator which provides 
160 va at 400 cps. Also variable from 
350 to 450 cps with internal oscillator. 
Output is 0 to 125 volts into 100-ohm 
impedance. Input is 115 volts, 60 cps. 
Industrial Test Equipment Co., 55 E. 
11 St., New York 3. 

Circle 787 on Inquiry Card 


WIREWOUND PRECISION RESISTORS 


One-page Bulletin 0-1 contains specifi- 
cation tables of axial-lead and radial- 
lug-type encapsulated resistors. Non- 
inductive units have tolerances from 0.1 
to 0.005 per cent. Kelvin Electric Co., 
5907 Noble Ave., Van Nuys, Calif. 
Circle 788 on Inquiry Card 


PISTON TRIMMER CAPACITORS 


Catalog C-61, 24 pages, contains com- 
plete electrical and physical data on 
standard, split-bushing, miniature split- 


155 





stator and differential trimmers in 
panel-mount and printed-circuit types. 
Includes chart describing and illustrat- 
ing standard optional modifications. 
JFD Electronics Corp., 6106 16th Ave., 
Brooklyn 4, N. Y. 

Circle 789 on Inquiry Card 


RECYCLING TIMER 


Two-page Bulletin 501 describes “Dual- 
Trol” series which produces a series of 
ON-OFF pulses whose time duration 
may be varied over a range from 6 sec 
to 3 hr. For 115 volts, 60 cps. Contains 
all pertinent electrical and mechanical 
parameters. Industrial Timer Corp., 
1407 McCarter Hwy., Newark 4, N. J. 

Circle 790 on Inquiry Card 


EPOXY HARDENERS 


One-page release describes Series B 
hardeners with extremely fast curing 
rates. Curing agents are compatible 
and easily mixed with liquid epoxy 
resins. Leepoxy Plastics, Dawkins Rd., 
New Haven, Ind. 

Circle 791 on Inquiry Card 


TACHOMETERS 


Data Sheet 47, two pages, describes 
multiple- and single-range unit for 
fixed installation. Remote pick-up is 
coupled mechanically to driving mem- 
ber and electrically to meter. Con- 
tains description, specifications and en- 


| oe 


CONTROL 


gineering drawings. Metron Instrument 
Co., 5300 S. Delaware, Littleton, Colo. 
Circle 792 on Inquiry Card 


TUBE RETAINERS 


Three one-sheet Bulletins 5.2, 5.3 and 
5.4 contain descriptions and specifica- 
tions of “Top Hat” devices for retain- 
ing electron tubes and other plug-in 
components. Litton Industries, Westrex 
Communication Systems, 540 W. 58 St., 
New York 19. 

Circle 793 on Inquiry Card 


BISTABLE MAGNETIC AMPLIFIER 


One-sheet Bulletin BMA-1 describes 
unit which can be used with any type 
of detector or transducer which pro- 
vides a d-c output. Typically, a mini- 
mum 4-yamp change switches stable 
state. Contains photographs, specifica- 
tions and dimensional drawings. Micro- 
dot, Inc., 220 Pasadena Ave., South 
Pasadena, Calif. 

Circle 794 on Inquiry Card 


ELECTRICAL INSULATING PAPER 


Standard specification sheets, five 
pages, including description of testing 
methods and listing of physical and 
chemical properties of “Insulglass” 
(glassine) and “Coiltronic” (kraft), 
show such characteristics as caliper, 
density, conducting particles, moisture 
content, electric strength, ash content, 


New! Versatile Cutler-Hammer 
oiltight pushbuttons let you 
make any station you want 


The new interchangeability built into these operators 
lets you create the station you want from a complete 
selection of Cutler-Hammer pushbuttons. Get them 
in one hole or base mounting, 6 bright colors. Thirty 
different circuit arrangements can be made in hun- 
dreds of varieties of stations in standard arrangements 
of up to 25 elements. Get up to 8 circuits on one push- 
button. They take 40% less back-panel space than 
next smallest unit so you get more control in less 
space Get facts in PUB. LO-104-W231. 


WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, 


Canadian Cutier-Hammer, Lt 


Visconsin * Division: Airborne Instruments 
Laboratory * Subsidiary: Cutier-Hammer Internationa 


Cutier-Hammer Mexicana, S.A. 


C. A. * Associates: 


Circle 157 on Inquiry Card 


pH water extract, basic weight and 
coverage. Minnesota Mining and Mfg. 
Co., Dept. P1-381, 900 Bush Ave., St. 
Paul 6, Minn. 

Circle 795 on Inquiry Card 


SWITCHING TRANSISTOR 
Eight-page manual, including specifi- 
cations, curves and typical circuit ap- 
plications, covers n-p-n epitaxial, high- 
speed mesa units 2N834 and 2N835. 
Motorola Semiconductor Products, Inc., 
5005 E. McDowell Rd., Phoenix 8, 
Ariz. 

Circle 796 on Inquiry Card 


POWER SUPPLIES 


Catalog, 16 pages, contains specifica- 
tions of numerous supplies to match 
required output, input, frequency 
range, etc. Contains tabulated charts 
of factors, photographs and diagrams 
of rack-mounted and modular supplies. 
NJE Corp., 20 Boright Ave., Kenil- 
worth, N. J. 

Circle 797 on Inquiry Card 


AUTOMATIC CLUTCHES 

Four-page engineering and application 
folder for ‘“Power-Max” centrifugal 
units gives classes, ratings, specifica- 
tions and dimensions for direct-drive, 
V-belt and flat-belt types. Sizes are 0.15 
hp and up. Both starting delay and 
maximum torque are adjustable. Olme 
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ARE 

Save 
A semi-conductor base is a typical 
application of electrical copper de- 
manding— 


strength to withstand high torque, 
high thermal conductivity, 
machinability. 


Ideal for such requirements are these 
five alloys from Anaconda: 


DLP Copper-104 (deoxidized low 
phosphorous) 

OFHC* Copper-120 (oxygen-free 
high conductivity) 


Tellurium Copper-127 
Chromium Copper-999 
Amzirc* (Zirconium Copper)-134 


Each of the above provides a slightly 
different combination of desirable 
properties, and all can be machined as 
required to achieve necessary accuracy 
and maintain reasonable production 
costs. 

Anaconda Specialists can help you 
select the right alloy and form of metal 
—and the manufacturing method best 
suited to meet your design and fabri- 
cation problems. They can help you 
utilize cost-cutting techniques, such as 
roll threading of studs, and advise you 
on welding and brazing procedures. 
Whatever your problems, Anaconda 
offers specialized technical help. 

Anaconda Publication C-34 provides 
useful data on composition, typical 
physical and mechanical properties, 
forms available, and fabrication meth- 
ods. For this publication, or technical 
assistance in applying these electrical 
coppers, address: Anaconda American 
Brass Co., Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. ae 


*Trade-marks of American Metal Climax, Inc. 
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AMERICAN BRASS COMPANY 
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For accurate measurement of torque 
developed by fractional hp motors... 


THE NEW CHATILLON 
ABSORPTION DYNAMOMETER 


There’s only one sure way to know the precise torque developed by your 
motors or servos . . . test every unit. And . . . test it on the most advanced, 
accurate torque measuring equipment available . . . the Chatillon 1200 series 
Absorption Dynamometers. 


EXCLUSIVE Torque Turret . . . automatically increases the capac- 
ity of the 1200 series over three successive ranges. No changing 
weights or springs . . . no time lost in determining correct oper- 
ating range. 

EXCLUSIVE Low Inertia hysteresis brake . . . substantially re- 
duces starting torque and ‘“‘flywheel” effect . . . improves high 
speed performance. 


EXCLUSIVE Tempruf springs . 
reactive force. 


- assure precise, measurable 


These three features form the heart of the Chatillon method of torque meas- 
urement ...the most accurate method ever devised. 
The range of models in the 1200 Series covers all 
fractional horse power motors. Other series are available 
for larger and smaller motors. To find out which model i 
is ideally suited for your needs, write today for full in- 
formation. JOHN CHATILLON & SONS, INC., 85 
Cliff St., New York 38, New York. 


TEMPRUF®: Chatillon’s exclusive temperature compensated springs 


ee iT) force in force measurement 


Manufacturers of scales, force measuring 


Since 1035 | instruments and precision springs. 
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Precision, Inc., 480 Masonic Bldg, 
Portsmouth, Ohio. 
Circle 798 on Inquiry Card 


RECORDING WAVE ANALYZER 


Four-page bulletin contains descrip- 
tion, applications and specifications of 
unit which displays and permanently 
records frequency components of any 
complex waveform from 20 to 20,000 
cps. Full-scale sensitivity from 15 milli- 
volts to 6 volts. Optron Corp., 335 S. 
Salinas St., Santa Barbara, Calif. 
Circle 799 on Inquiry Card 


ALUMINUM-OXIDE INSULATED 
CONDUCTORS 


One-page release concerns process to 
form 0.0015-in. thick anodic inorganic 
insulation on wire and strip. -Contains 
specifications. Electric strength of in- 
sulation is 40 volts/micron. Available 
conductor sizes are 10 to 46 AWG and 
most sizes of strip. Permaluster, Inc., 
2012 Burbank Blvd., Burbank, Calif. 
Circle 800 on Inquiry Card 


HERMETICALLY-SEALED 
CONNECTORS 


One-sheet Bulletin PS-1 describes PS 
series units for vacuum-sealed connec- 
tions. Size 20 contacts, rated 7.5 amp, 
offered in seven arrangements. Contains 
photographs, specifications and engi- 
neering drawings. Physical Sciences 
Corp., 389 No. Fair Oaks Ave., Pasa- 
dena, Calif. 

Circle 801 on Inquiry Card 


MICROWAVE TEST EQUIPMENT 


Bulletin 800, four-page short-form cata- 
log, categorizes many models of attenu- 
ators, slotted sections, isolators, mounts, 
frequency meters, adapters, klystron 
power supplies, calorimetric power 
meters, signal sources, etc. by frequency 
ranges and waveguide sizes. PRD Elec- 
tronics, Inc., 202 Tillary St., Brooklyn 
Vas lies. & 

Circle 802 on Inquiry Card 


AMPLITUDE-DISTRIBUTION 
ANALYZER 


One-sheet release describes Model 317 
transistorized unit for determining 
probability distribution of random sig- 
nals. Directly indicates per cent of time 
when level is exceeded. Switching rates, 
5 me max. Includes photograph, 
specifications and discussion of applica- 
tions in noise and vibration studies, 
false alarm or error probabilities. 
Quan-Tech Laboratories, Inc., Boonton, 


N.J. 
Circle 803 on Inquiry Card 


CAPACITORS 


One-page release describes units made 
with “Glofilm”, a microfilm of dielectric 
on TFE-fluorocarbon, which allows for 
smaller size. Working voltages to 50 
volts d-c available with up to 100 volts 


ELECTRO-TECHNOLOGY 





Globe's basic high quality motors are designed hysteresis- 
synchronous and induction in various stack lengths. Our 
a.c. motors span the torque spectrum through 10 oz. in. at 
synchronous speed (induction torques are 50% higher). 
New frame sizes of 1” and 214” dia. are coming. Units 
are for 60, 400 cycles, variable frequency, very high cycle, 
or special square wave power. Our d. c. motors span the 
same performance and size range. 

We furnish gearmotors—using standard odd or even ratio 
gear reducers—providing the exact speed-torque output 


PRECISION MINIATURE MOTORS, 


you need in one compact package. This is the most efficient 
way to meet your requirements from the standpoints of good 
design, reasonable cost, undivided 
responsibility. Many available for 
immediate prototype delivery. 
Please ask for Bulletin AC-1 
from Globe Industries, Inc., 1784 
Stanley Avenue, Dayton 4, Ohio. 
Tel. Area Code 513 222-3741. 
GLOBE INDUSTRIES, INC. 


GLOBE 


GEARMOTORS, TIMERS, ACTUATORS, CLUTCHES, BLOWERS. MOTORIZED DEVICES 


OF COURSE, GLOBE MAKES A.C. MOTORS 


NOVEMBER 1961 


TYPE SC Sub-miniature motor rated .15 oz. in. max. 
sync. torque. Size: 1.07” dia. x 1.32” long. 2.4 oz. 
To 200 v. a. c. 2, 4, or 6 poles. 49 std. gear ratios. 


TYPE MC Miniature motor rated 0.8 oz. in. max. 
sync. torque. Size: 1%” dia. x 24%” long. 6.5 oz. 
To 200 v. a. c. 2, 4, or 6 poles. 101 std. gear ratios. 


rt ae 
Ce Eerr! 


TYPE FC Small motor rated 1.6 oz. in. max. sync. 
torque, Size: 1'\,” dia. x 2%” long. 13.4 oz. To 
200 v. a. c. 2, 4, or 6 poles, 101 std. gear ratios. 


TYPE LC Small motor rated 10 oz. in. max. 
sync. torque. Size: 3%,” dia. x 3%” long. 53 oz. 
To 200 v. a. c. 2, 4, or 6 poles. Gearing to order. 
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Miller’s sales representatives are not just experts on special 
metals, they’re experts in applying them, too. They 
“work” for each of their customers, helping to select the 
alloy that’s exactly right for each particular application. 
Chances are your Miller representative, backed by sales 
and service experts at each mill, can help you solve your 
toughest design and production problems. Make sure 
your next order includes expert technical help, meticu- 
lously produced high-grade metal, and dependable de- 
livery. For brass, bronze or nickel-silver strip, copper or 
copper-alloy tube in special shapes and sizes, call on the 
specialists at Miller... where you’re a name, not just 
a number on the job ticket. 


ROLLING MILL Tube Subsidiary 


DIVISION A. H. WELLS, INC. 


Meriden, Connecticut Waterbury, Connecticut 
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on request. Radiation Research Corp., 
1150 Shames Dr., Westbury, L. I., N.Y. 
Circle 804 on Inquiry Card 


UHF TWIN POWER PENTODE 


Application Note AN-192, eight pages, 
and specifications sheet describe 6939 
tube with specifications, drawings and 
characteristic curves. The application 
note discusses uses in Class-A r-f ampli- 
fier and frequency-tripler service at 
frequencies up to 500 mc. Commercial 
Engineering, Radio Corp. of America, 
Electron Tube Div., Harrison, N. J. 
Circle 805 on Inquiry Card 


ULTRA-MINIATURE WIREWOUND 
RESISTORS 


One-page Technical Bulletin P5-5/61 
contains specifications of both axial and 
lug-type resistors which range in size 
from 0.63 in. long x 0.63 in. diam to 44 
x 14 x % in. Maximum values are 200 k 
and 2 megohms at up to 14 watt. Reon 
Resistor Corp., 155 Sawmill River Rd., 
Yonkers, N. Y. 

Circle 806 on Inquiry Card 


D-C AMPLIFIER AND POWER 
BOOSTER 


Bulletins 031 and 032, four and one 
pages, respectively, describe Model A-2 
differential operational amplifier and 
Model G-2 power booster. A-2 is for 
use in analog computing and data- 
handling and process-control applica- 
tions. G-2 is for use with A-2 in driving 
heavy instrument systems, small d-c 
servos and rotary amplifiers. Both are 
all-transistor. Ridgefield Instrument 
Group, Schlumberger Corp., Box 337, 
Ridgefield, Conn. 

Circle 807 on Inquiry Card 


ELECTRONIC TIMING DEVICES 


Four-page brochure describes and con- 
tains specifications and pictures of time- 
delay relays, timers, pulse generators 
and flashers. Slip Ring Co. of America, 
P. O. Box 96, Tenafly, N. J. 

Circle 808 on Inquiry Card 


D-C POWER SUPPLIES 
Bulletin CV-235-A, eight pages, de- 


scribes constant-voltage supplies for 
mounting on chassis. Outputs are 24 to 
250 volts. Lists electrical and mechani- 
cal specifications. Covers theory of 
operation, applications, available stock 
ratings, etc. Sola Electric Co., Busse 
Rd. at Lunt, Elk Grove, Il. 

Circle 809 on Inquiry Card 


SQUARE TRIMMING RESISTOR 


Two-page catalog sheet describes 34 in. 
unit with resistance of up to 50 k ohms. 
Standard tolerance, +5 per cent. Con- 
tains specifications and power-rating 
curve. Techno-Components Corp., 18232 
Parthenia St., Northridge, Calif. 


Circle 810 on Inquiry Card 
(Continued on page 165) 
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Rack Mounted 


MODEL 1508 HONEYWELL 
VISICORDER OSCILLOGRAPH 


Specifically designed to fit in only 7 inches of rack height, 


the Model 1508 Visicorder Oscillograph gives you a wider 


record, a greater record speed range, and more recording chan- 


nels in less rack space than any other recording oscillograph. 





Using the famous Visicorder direct-recording prin- 
ciple that was pioneered, developed, and introduced 
by Honeywell, the New Model 1508 oscillograph 
records up to 24 channels of information simul- 
taneously, producing immediately readable analog 
records without ink, styli, heat, powders, or chemi- 
cal processing. Yet it is extremely compact—oc- 
cupying only 7 inches of height in its rack-mount 
version—with many automatic features and the 
convenience of pushbutton controls. It is also avail- 
able in a bench-mount model. 


Maximum Operating Convenience 


The 1508 has been designed for easy operation and 
service. 12 record speeds—from 0.1” through 80” 

second — are push-button selected. All controls are 
handy on the front panel. You can load paper in 
seconds. In the rack model, the cover of the 1508 
stays in the rack when the instrument is pulled 


Features of 
the Model 1508 


Visicorder 


Oscillograph 


forward, thus providing complete accessibility for 
service, lamp and galvanometer adjustment. As in 
all Honeywell Visicorders, the actual recording 
spots are visible at the point of recording for pre- 
cise galvanometer calibration and monitoring of 
information. 


Solid, One-Piece Magnesium Casting 


To prevent outside stresses on the instrument from 
introducing recording errors, the 1508 optical sys- 
tem, magnet assemblies, and drive system are 
mounted on a solid, one-piece magnesium casting. 

These design refinements and extra quality fea- 
tures are typical of the superior instruments that 
have established Honeywell’s leadership in the field 
of oscillography. 

Ask your nearest Honeywell Field Engineer for 
a demonstration of the new 1508 Visicorder and 
other products described in these pages. 





The loading of record- 
ing paper into the 1508 
is a simple process. 
The roll of paper drops 
easily into the recep- 
tacle with no need for 
threading. 


All operating controls 
on the 1508 are loca- 
ted conveniently on the 
front panel. 


The 1508 is available in two styles: one for 
rack-mounting (shown on opposite page), 
and one for bench-mounting (shown above). 


Condensed Specifications 
Model 1508 
Visicorder Oscillograph 


CHANNELS: 12 or 24 


GALVANOMETERS: type M, 
sub-miniature. 


RECORD WIDTH: 8” (actual 
recording width 7%") with 
provision for narrower widths. 


RECORD LENGTH: 100’ standard, 
150’ extra-thin, 200’ super-thin. 
Unused paper indicator. 


RECORD SPEEDS: 12, push- 
button selected, as follows: 

0.1, 0.2, 0.4, 0.8, 1.0, 2.0, 4.0, 8.0, 
10, 20, 40, 80” /second, changeable 
during operation. 


FREQUENCIES: DC to 5,000 cps. 


WRITING SPEEDS: greatly in 
excess of 50,000” /second. 


TIME LINES: 4-interval system 
with .01, 0.1, 1.0, and 10-sec. 
intervals. On-off switch; provision 
for external synchronization. 


GRID LINES: 0.1” with 5th line 
heavy, or 2mm with 1 cm heavy. 
On-off and density control. 
Special scales available. 


OPTICAL ARM: 11.8” (30 cm) 
standard in all Honeywell 
Visicorders. 


TRACE IDENTIFIER: 45° slope 
every 8”, spaced .032” max., 
.02” min. 


POWER: 117v 60 cycle; 230v 
50 cycle; 5-6 amps at 117v. 


DIMENSIONS: 19” wide x 7” high 
x 17%” deep excluding connectors 
and handles. Weight approximately 
50 lb. 





Other Models of Honeywell 


MODEL 1406...An efficient, dependable direct- 
recording oscillograph which makes the Visi- 
corder principle available, on an extremely 
low-cost per channel basis, to users with record- 
ing requirements in the middle frequency range. 
Records up to 6 channels with special Type L 
Honeywell galvanometers. 


MODEL 1108 ... an intermediate 24-channel 
instrument which fits logically between the 14- 
channel 906C models and the 36-channel model 
1012. The 1108 has such extra features as auto- 
matic record length control, record reverse, rec- 
ord numbering, push-button record speeds and 
time-line intervals, and integral record take-up. 


USES OF THE VISICORDER 


Visicorder Oscillographs are useful as direct readout 
units in systems for either RECORDING or 
MONITORING of almost any type .- -. . in 
CONTROL applications to monitor reference and 
error signals .. . in MISSILE and ENGINE 
ANALYSIS for test stand recording . . . for analog 
recording of TELEMETERED SIGNALS... 
in NUCLEAR TESTING to record temperatures, 
pressures, impacts... in LABORATORY work for 
all-purpose analyses ... in PRODUCTION for 
final dynamic inspection . . . in COMPUTING for 
immediately-readable analog records... in 
PILOT TEST for rapid examination of prototypes 
.in ALL TESTS which are non-repetitive in 
sequence where oscilloscopes are impractical. 


Visicorder Oscillographs 


MODEL 906C... with 8- or 14-channel ca- 
pacity, built-in grid line and timing system, and 
self-starting lamp for remote operation. The 
built-in flash-tube timing system may be used 
normally or triggered externally. 


MODEL 1012... the ideal instrument for 
large-scale uses, the 1012 is the most convenient 
and versatile oscillograph ever built for directly 
recording as many as 36 channels of dynamic 
data. It includes all the automatic features of 
the Model 1108 and more besides. 


Write for further details on the new Model 1508 
Visicorder Oscillograph, or call us at SKyline 6-3681, 
Direct Distance Dialing Code 303 
Minneapolis-Honeywell, Heiland Division, 

5200 E. Evans Avenue, Denver 22, Colorado 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities 
of the world. Manufacturing in United States, 
United Kingdom, Canada, Netherlands, 
Germany, France, Japan. 


Honeywell 





SPRING FASTENING PINS 


Form 2670, eight pages, includes design 
and performance information on “Sel- 
Lok” unit which is used in such ap- 
plications as cotter pins, keys, solid 
pins, taper pins, wrist pins and pivots. 
Illustrates 16 different applications. 
Standard Pressed Steel Co., Box 901. 
Jenkintown, Pa. 

Circle 811 on Inquiry Card 


MOTOR-STARTING RELAYS 


One-sheet Bulletin DD-STRE-6A de- 
scribes Series 9660-040 and 9660-041 
relays for use on hermetic compressors 
having pin-type terminal clusters. Con- 
tains specifications, circuit diagrams 
and engineering drawings. Metals and 
Controls Div., Texas Instruments, Inc., 
34 Forest Ave., Attleboro, Mass. 
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SOLDERLESS TERMINAL BLOCKS 


Bulletin K2-5, four pages, describes 
units in which male terminals on boards 
mate with snap-on terminals. Contains 
photographs of boards in use and of the 
connecting tool. Each block has from 
120 to 300 terminals. The Thomas & 
Betts Co., 36 Butler St., Elizabeth, N.J. 
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REGULATED POWER SUPPLY 


One-sheet Brochure SM contains spe- 
cifications of _ silicon-semiconductor 
plug-in units of 4% and 14 amp ratings. 
Selected output voltages from 5 to 25 
volts. Input, 105 to 125 volts, 60 to 400 
cps. Transistor Devices, Inc., 40 Factory 
St., Industrial Village, Cedar Grove, 
ms, 3 
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INDICATOR LIGHT 


One-page brochure describes MTL 
series, “Mini-Lite”, self-contained neon 
indicator with transistors and controlled 
by signals as low as 2 volts. Contains 
specifications, engineering drawings and 
photograph. Transistor Electronics 
Corp., 3357 Republic Ave., Minneapolis 
26, Minn. 
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MINIATURE PRESSURE 
POTENTIOMETER 


Technical Bulletin 1045, four pages, 
describes Models P104 and P105 which 
cover pressure ranges from 0-10 to 
0-5000 psi absolute. Contains photo- 
graphs, specifications and engineering 
drawing. Trans-Sonics, Inc., P. O. Box 
328, Lexington, Mass. 
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ALUMINUM COATINGS TESTER 
Data Sheet EC describes “EC Perma- 


scope” for non-destructive measurement 
of a non-conductive coating on a non- 
ferrous base metal, non-ferrous coating 
on non-ferrous base, non-ferrous coating 
on non-conductor and conductivity of 
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DUCTION 


‘SMALL ELECTRONIC 
PARTS PACKAGING 


Package small, fragile electronic parts and com- 
ponents with Wrap-Ade’s NEW small parts pack- 
aging machine. 


DIODES 
TRANSISTORS 
RESISTORS 
CONDENSERS 
ETC ..200. 


For complete information and quotation; 
send samples of product today . . . 


SINCE 1932 
MACHINE CO., INC. 


185 SARGEANT AVENUE 
CLIFTON. NEW JERSEY 
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WON'T YOU TR 


DAY AFTER DAY AFTER DAY 


Great things are happening at 
NORPLEX. More and more customers 
for industrial laminates have found that 
NORPLEX quality, versatility and quick- 
service serves them best. NORPLEX has 
over 60 standard grades available plus 
special grades including copper clad 
plus research and development facili- 
ties. You'll get the grade you require 
.. . the top quality you need .. . and 
service faster than you expect... when 
you join other NORPLEX customers! 
Write for complete brochure. NORTHERN 
PLASTICS CORPORATION, LA CROSSE 17, WIS. 
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A BITE SOON? 


non-ferrous metal. Contains specifica- 
tions, details for gaging coatings on 
iron and steel. Twin City Testing Corp.., 
533 S. Niagara St., Tonawanda, N. Y. 
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INFRARED-CELL COOLING SYSTEMS 


Catalog F-1268, 20 pages, contains spe- 
cifications, design features and per- 
formance data for various types of 
equipment used in direct and remote 
cooling of infrared detector cells. In- 
cludes systems capable of cooling to 
liquid nitrogen, neon and helium tem- 
peratures. Linde Co., Union Carbide 
Corp., 270 Park Ave., New York 17. 
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DIGITAL COUNTER 


Two-page Bulletin 1744 describes Series 
1744 device which records, displays and 
transmits accumulated digital levels. 
Includes photograph and specifications. 
Models for four and six figures. Veeder- 
Root Inc., 70 Sargeant St., Hartford, 
Conn. 
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PRESSURE REGULATOR 


Single-page Bulletin 10 offers informa- 
tion on 13600 Series absolute pressure 
regulator. Inlet pressure range is 100 
to 700 psi. Unit controls outlet pressure 
with varying inlet pressure. Aluminum 
model weighs 0.38 lb. Aerodyne Con- 
trols Corp., 90 Gazza Blvd., Farming- 
dale, N. Y. 
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CABLE REELS 


Brochure, four pages, outlines portable 
and powered reels for cables. Includes 
photographs and descriptions of stand- 
ard units, outlines facilities available 
for producing special types. Aero- 
Motive Mfg. Co., 1803 Alcott St., Kala- 
mazoo, Mich. 
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MAGNETIC DRIVE 


Illustrated four-page Bulletin 3650 
offers information on adjustable-speed 
drives. Available in ratings from 50 to 
2500 hp. Details concerning theory of 
operation, controls and design features 
are included. Louis Allis Co., 427 E. 
Stewart, Milwaukee, Wis. 
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DRY-FILM LUBRICANTS 


Product Information Bulletin 242, two 
pages, and four-page reprint from 
“Journal of Chemical & Engineering 
Data” describes results of tests of in- 
organic, solid-film lubricant perform- 
ance in liquid oxygen service and at 
pressures approaching complete vac- 
uum. Investigations of thermal stability 
at low temperatures are also reported. 
Alpha-Molykote Corp., 65 Harvard 
Ave., Stamford, Conn. 
Circle $23 on Inquiry Card 
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TO THE ENGINEER 
who wants to make 


the most of his etchings 


NOVEMBER 1961 


If your printed circuit board designs involve 
switching, you can count on getting the best 
results by using AE Class E relays with 
direct-connect terminals. 


Series EQPC relays, with end-mounted 
printed circuit lugs, occupy a minimum of 
board space, and furnish dramatic savings 
in assembly and wiring time. 


The AE Series EQPC printed circuit relay is a 
miniaturized version of the premium - quality 
Class B telephone-type relay, with many of its 
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P AUTOMATIC Epp ELECTRIC 


best features. Contact reliability exceeding 200 
million operations can be expected. _ 


Automatic Electric also supplies Class E re- 
lays with Taper-Tab terminals, and prewired 
for plug-in, with 8- to 20-prong octal plugs, 
with or without hermetically sealed contain- 
ers or dust-tight housings. 


Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
Conversion Factors booklet. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS a) 
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BECKMAN’ SIZE 8 
SERVOMOTORS- 


CHOOSE 


HIGHEST PERFORMANCE 


COSTS NO MORE! 


Where highest performance and reliability are a must, you can count 
on a Beckman Size 8 Servomotor. Choose from 10 models—Servo- 
motors, Velocity-Damp Servomotors, Inertia-Damp Servomotors and 
Servomotor-Generators. They’re precision-built by Helipot and 
available at competitive prices—and in many cases can be shipped 
immediately from stock. 


All Beckman Size 8’s are rated for operation to 200°C total tempera- 
ture. They’re available for either 26 volt or 115 volt excitation. For 
other representative specs, check the table below: 


If your system 
calls for a size8.. 
call on the 
Beckman Size 8 line! 


Size 8 Servomotor 
Model 9008-1502-0 
Size 8 Velocity— 
Damp Servomotor 
Model 9008-1302-0 
Size 8 Servomotor 
Damping Generator 
Model 9008-1101-0 
Size 8 inertia- 
Damp Servomotor 
Model 9008-0901-0 


Fixed 


ca . 2 
Control $3/16.5v | 33/16.5v | 33/16.5v 
Phase . 33/ 
Torque at stall, 0.22 0.22 
oz. in. (nominal) 


For complete application, price or delivery information, call your local 
Helipot Engineering Sales Representative ...or write directly to: 


Beckman ffenitniairaite 


HELIPOT DIVISION 


Fullerton, California 


Excitation 


Acceleration at stall, 
rad/sec? 


POTS: MOTORS : METERS 
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ELECTRONIC INFORMATION 
SEARCHING 


Eight-page brochure describes Ameri- 
can Society for Metals’ new electronic 
system of searching technical articles, 
documents and patents on metals and 
related subjects for subscribers. Dis- 
cusses how to reduce research costs 
and time lag between conception of an 
idea and production of finished product. 
American Society for Metals, Metals 
Park, Novelty, Ohio. 
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PRESSURE-SEALED FASTENERS 


Catalog 359B, 16 pages, provides com- 
plete information on self-sealing fasten- 
ers and flexible switch seals. For each 
product the catalog gives dimensional 
drawings, part numbers, complete spe- 
cifications and ordering information. 
A. P. M. Corp., 41 Honeck St., Engle- 
wood, N. J. 
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D-C POWER SUPPLIES 


Bulletin 5-70.1, two pages, describes 
line of high-voltage power supplies 
with outputs of 250 kv at full load rat- 
ings of 50 ma. Described are models 
for general-power purposes and units 
for test and development of capacitors, 
cables, klystrons, and other electronic 
devices. Associated Research, Inc., 3777 
W. Belmont Ave., Chicago 18. 
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TRANSFER VOLTMETER 


Four-page illustrated brochure covers 
high-frequency Model 393 voltmeter 
that operates over voltage range 1 to 
50 volts. Instrument enables unknown 
a-c voltage to be measured in terms of 
d-c voltage. Accuracy of transfer is 
better than 0.1 per cent, 25 cps to 10 
me. Ballantine Laboratories, Boonton, 
N. J. 
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STRAIN GAGE 


Bulletin 130, two pages, presents in- 
formation on Model 1-400 modular 
strain gage and tranducer input condi- 
tioner. For 3- to 8-wire input calibra- 
tion systems or single- or double-shunt 
resistance calibration. Bulletin includes 
schematic diagram. specifications and 
photographs. B&F Instruments, Inc.. 
3644 No. Lawrence St., Philadelphia 40. 
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PANEL METERS 

Style 42 data sheet, six pages, covers 
a 414-in. panel meter for measurements 
of d-c current in the milliamp range. 
Includes photographs of the meter: 
features outline drawings, standard 
specifications, and modifications avail- 
able. Beckman Instruments, Inc., 2500 
Fullerton Rd., Fullerton, Calif. 
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SPLIT LIGHT BEAMS 
MEASURE IN MILLIONTHS 


to help SESE build better bearings 


Advanced ball and roller bearing technology 


The concentric pattern of interference fringes in the 
picture above is reproduced from an actual photo 
taken with the aid of an interferometer in the Sir 
laboratories. The subject under examination is a 
microscopic flaw in the surface of an accurately 
lapped steel ball. The principle of utilizing split beams 
of light to form interference patterns enables accu- 
rate measurements to be made in millionths of an inch. 
StF is a leader in the development and applica- 
tion of ultra-precise measuring systems. The SSF 
metrology laboratory plays an important part in a 
continuing program of research to produce bearings 
of improved accuracy and finish, and consequently, 
quieter, smoother running characteristics. 
Whatever types of rolling contact bearings you 
need—ball, cylindrical roller, spherical roller, tapered 
roller or precision miniature—you’ll find S&&f your 
best assurance of dependable performance. Stef 
Industries Inc., Philadelphia 32, Pa. 6104 
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ADVANCED DEVELOPMENT 


Continued growth and lasting sta- 
bility underline the excellent pro- 
fessional opportunities at NCR’s 
Engineering and Research Center 
in Dayton, Ohio. Projects in prog- 
ress require personnel for the fol- 
lowing positions: 


Electronic Engineers BSEE with 2-5 years 
experience with military electronic equip- 
ment. Familiar with ground based equip- 
ment development or airborne equipment 
development. Should have a background 
in one of the following areas: circuit de- 
sign, logic design, electronic power sup- 
plies, electronic packaging, or test equip- 
ment design. 


Mechanical Engineers BSME with 2-5 
years experience in the design and de- 
velopment of mechanical assemblies and 
equipment. Should have a sound back- 
ground in shock mounting and packaging 
of electronic equipment. Should be ca- 
pable of following a developed package 
through the design and detail areas. 


Circuit Engineers BSEE with 5-7 years 
experience in the design and development 
of electronic equipment using solid state 
or vacuum tube circuits. Experienced at 
designing circuits for reliable operation 
under worst case conditions. 


Logic Engineers BSEE with 5 years ex- 
perience in the design and development of 
digital logic systems. Should be ac- 
quainted with methods of achieving re- 
liable operation 
elements. 


with minimum circuit 


Communication System Engineers BSEE 
with 5-7 years experience in the HF Com- 
munications area. Should have experience 
in long distance propagation techniques 
with particular emphasis on solution of 
multipath effects in the 2—30 mc range. 


Component Engineers BSEE with 3 years 
experience in testing and evaluation of 
electronic components. Should be familiar 
with military component specifications 
and be knowledgeable in component selec- 
tion. 


Now is the time to revitalize your 
career with new and expanding 
opportunity. Write now to: 


Mr. T. F. Wade, Technical Place- 
ment, The National Cash Register 
Company, South Main and K 
Streets, Dayton 9, Ohio 


AN EQUAL OPPORTUNITY EMPLOYER 


MAGNETIC SENSOR 


Data sheet, two pages, describes Model 
BH 203 sensor for magnetic field meas- 
urement applications. Includes detailed 
electrical and mechanical specifications, 
dimensional drawing. Flux density and 
output voltage is charted for various 
load resistances. F. W. Bell, Inc., 1356 
Norton Ave., Columbus 12, Ohio. 

Circle 830 on Inquiry Card 


BERYLLIUM COPPER ALLOYS 


Bulletin R-1200A, eight pages, presents 
information on beryllium copper rod 
covering three different alloys. Included 
is data on tensile strength, yield 
strength, elongation, Rockwell hardness 
and electrical conductivity. Tables for 
selection of proper alloys are listed. 
The Beryllium Corp., Reading, Pa. 
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ENVIRONMENTAL CHAMBERS 


Fold-out brochure, 14 pages, outlines 
Series 400 chambers for temperature, 
altitude and humidity testing. Tem- 
perature range is —120 to +400 F; 
relative humidity to 98 per cent and 
altitudes to 100,000 ft can be attained. 
Bethlehem Corp., 225 W. Second St., 
Bethlehem, Pa. 
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FHP MOTORS 


Bulletin, 20 pages, describes construc- 
tion and operation of 385 types and 
models of synchronous motors covering 
range from 1/2000 to 1/6 hp. Includes 
speed-torque curves, dimensional draw- 
ings, wiring diagrams, listings and 
photographs. Performance character- 
istics are also discussed. Bodine Elec- 
tric Co., 2500 W. Bradley Place, 
Chicago 18. 
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WIREWOUND TERMINATIONS 


Engineering sheet, two pages, entitled 
“Wirewound Termination Character- 
istics,” describes termination problems 
in wirewound potentiometers, describes 
common termination methods. Details 
fusion welding which provides continu- 
ous electrical circuit from one external 
termination through resistance element 
to opposite external element. Bourns, 
Inc., 6135 Magnolia Ave., Riverside, 
Calif. 
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SHEAR PIN SPROCKETS 


Catalog CE-104-A illustrates series of 
sprockets that feature shearpin hubs 
and split taper bushings. Presents ap- 
plication and selection data. Includes 
detailed dimensional information; 
standards units are listed. Browning 
Mfg. Co., Maysville, Ky. 
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TOROIDAL COILS 


Catalog, eight pages, describes pot-core 
and toroidal coils for high Q applica- 


NEW 
ASHLAND 
MOTORS 


| Me (St [e Tm aeetk ae 


competitive markets 


Combining creative design and 
engineering with precise economical 
production methods, ASHLAND again 
leads the field by introducing... 


@ New 11-Frame Motors 
@ New Hysteresis Synchronous 
Gear Motors 


@ New Low Slip Induction 
Gear Motors 


Model A118°U 
(4%” dia.) 


ASHLAND’S new 11-Frame Motor 
series has been designed to fill the 
need of size and power requirements 
between 80 and 90-Frame units. 


Model GA5*M 
(2” dia.) 


Model GA4*M 
(1%" dia.) 


ASHLAND’S highly-efficient, compe- 
titively-priced gear motors combine 
rugged durability, proven reliability 
and outstanding performance. Modi- 
fication in leads, shafts, finishes, ball 
or sleeve bearings can be incor- 
porated to customer specifications. 
Torque speed characteristics can be 
modified to meet particular require- 
ments. Models, with or without self- 
cooling, are available. 


The design and production staff at 
Ashland are conditioned to the qual- 
ity-precision needs of their custom- 
ers. All Ashland products are 
manufactured to order. Samples can 
generally be supplied within a few 
weeks. Production deliveries are 
prompt, with a minimum of lead 
time required. For descriptive cata- 
log or quotation on specific produc- 
tion problems, write, wire or call. 


ASHLAND 


ELECTRIC PRODUCTS, INC. 
32-02 Queens Blvd. ¢ L.I. City 1, N.Y 
EXeter 2-4010 
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New Relay 
from RBM 


Designed for high speed 


1. 


No soldering 


Small Size 


Wire contacts 
“A"—> 


Program connectors 


Rugged snap-in 
plug assembly 


Rack mounting 


Compact, Rugged, Proven Reliable 


THE DIRECTOR 


TYPE 81 WIRE CONTACT RELAY 


Specifically designed to direct or set-up circuits in 
the logic or arithmetic section of computer and 
business machines. The RBM “Director” has also 
demonstrated itself ready to perform in similar 
applications where the basic function of the contacts 
of one or more relays sets up a circuit, but is not 
required to make or break that particular circuit. 
Typical uses would be controls for automation, 
railway signaling, traffic controls, chemical process 
controls, annunciators and many others. 


and long life (200 million operations). 


1. Plug-in terminal and mating terminal block eliminates 
messy soldering and maintenance problems of old fashioned 
telephone type relays. 


2. Symetrical shape and rugged design provides for minimum 
mounting space and maximum protection to moving parts 
when handling. 


3. Armature contacts consist of two silver alloy wires per 
pole providing highly reliable redundant contact surfaces. 


4. With plug-in connectors “A”? relay contacts can be “‘pro- 
grammed” to suit specific circuit requirements. 

5. Special hardware available allowing for mating terminal 
block assembly and easy mounting on chassis or rack. 

6. The Type 81 relay can be easily assembled in groups, sim- 
plifying wiring and ease of programming. Requires minimum 
rack or chassis space. 


TYPE 81 SPECIFICATIONS 


Contact Form 
Contact Rating 
Contact Material (Std.) 
Operating time (Nom.) 
Life 

Coil Form 

Coil Voltage 

Coil Power 
Breakdown Voltage 
Ambient Temperature 
Weight 

Overall dim. (Approx.) 


4 PDT 

3 amp. (carry only)* 

Eutectic Alloy—Silver-Copper 

5.5 milliseconds max. inc. bounce 
200 million operations 

Single or Double Winding (Pic & Hold) 
20 volts D.C. thru 115 volts D.C. 

4 watts max. 

1250 volts RMS 60 cycle to frame 
50°C 

Approximately 1% oz. 

Including plug—2%” x %” x 2” 


*Consult Factory for Ratings for Making and Breaking Loads. 


Consult Your Local RBM Product Application Engineer or Write for Bulletin 2000 


RBM Controls Division 


LOGANSPORT, INDIANA 


NOVEMBER 1961 
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tions requiring production or custom- 
design quantities of audio or r-f coils 
and transformers. Frequency response 
curves, outline drawings, and specifica- 
tions are included for the units which 
have fixed or variable inductances. 
Bulova Watch Company, Inc., 40-01 
6lst St., Woodside 77, N. Y. 
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TRANSPARENT PLASTIC TUBING 


Four-page bulletin entitled “Busada 200 
Transparent Plastics Tubing” gives 
simplified approach to correct selection 
of tubing for most applications. Com- 
paratively inert, the material is used in 
connection with liquids and gases. 
Charts show physical characteristics of 
butyrate, tubing tensile strength vs 
temperature; includes table of standard 
sizes. Busada Mfg. Corp., 32-21 Down- 
ing St., Flushing 54, N. Y. 
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PUSH TO TEST AT REAR 


AWAY FROM ALL ’ 
one anaaees Manufacturer’s 


COMPLETELY PROTECTED Publications 
AUXILIARY SWITCH 


e Lightweight For these selected publications on ma- 

es Easy to Test terials, components, technical data and 

- engineering services, write direct to the 

a Easy to Service manufacturers on company letterhead, 

* Easy to Mount mentioning ELECTRO-TECHNOLOGY as your 

source. 

A quick check of the unique 
features incorporated in this 

totally new Guardian Power | VIBRATION/SHOCK/NOISE CONTROL 


Relay should attract and “Dynafacts,” 12-page booklet, contains 
intensify the interest of articles on “Protecting Reliability of 


. ; so aa Inertial Navigators” and “Custom-Built 
engineering specialists who Elastomer for Tight-Tolerance Sealing.” 


a are responsible for the Send letterhead request to Lord Mfg. 
2300 dependable performance of Co., 1635 W. 12 St., Erie, Pa. 
power relay controls. 
R-F POWER BRIDGES AND 
Inverted Coil Construction protects armature and contacts to insure long life, | THERMISTOR MOUNTS 


reliable electro-mechanical operation. Brochure gives precise methods of de- 


. Contacts (D.P.D.T.) U/L rated for 15 amperes at 115 V.A.C. non-inductive, or | ‘ermining r-f power levels and dis- 


1 H.P. at 115/230 volts, 60 cycles. cusses the sources of error of these 
methods. Accuracy of NBS test data for 


- Screw Type Terminals easily accessible for top or bottom connections. directional coupler-thermistor mount 
combinations is mentioned. In addition, 
brochure describes applications using 
: a calibrated mount-coupler combination 
5. Armature Extension permits manual circuit testing. and power bridge for transfer of cali- 
Voltages: 6,12,24,115 and 230 V.A.C., or 6,12,24,110 and 220 V.D.C. bration factor from one mount to an- 
: ae Pane ; other; setting up an r-f power standard; 
Size: 3%6" x 2%" x 2%". Shipping Weight: 8 ounces. and measurement of an unknown r-f 
Mounting: Two %¢" holes on 1%” centers. Low Priced. power. Copies are available upon letter- 


: . head request to Weinschel Engi ing, 
Write for Circular and complete details 10503 Metropolitan hath Crtlagen 


Md. 


GUARDIAN 0 ELECTRIC | TECHNICAL INFORMATION ON GYROS 


Revised edition of publication “Techni- 

MANUFACTURING COMPANY cal Information for the Engineer— 
1552-M Ww. CARROLL AVENUE, CHICAGO 7, /LLINOIS Gyros” details the theory, performance, 
“Everything Under Control’ application, construction and testing of 


4. Recessed Auxiliary Switch up to S.P.D.T. rated at 125 volt amperes Pilot duty 
115/230 V.A.C., 60 cycles, or 10 amperes at 115 V.A.C. non-inductive. 
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From the Indiana Stee/ Products Division of 
INDIANA GENERAL CORPORATION 


NEW INDOX°VI-A.... 
another ceramic magnet advance for microwave use 


Developed by Indiana General's Indiana Steel Products Division, Room Temperature 
new INDOX VI-A has the highest coercive force of any commer- ; et 
cially available magnetic material now in quantity production — Residual Induction (B,) gauss $300 5630 
plus better resistance to low temperatures, higher residual in- Coercive Force (H.) oersteds ores oie 
duction, higher peak energy product. Intrinsic Coercive Force (H,;) oersteds 3000 2300 


: 3 s : Peak Energy Product (B,H,) max. 2.55 x 10° 3.4x 10° 
Indiana General’s new INpox VI-A is a highly oriented 2 
barium ferrite material that will effect substantial sav- Reversible Permeability 1.06 
ings in both material and space in critical equipment Reversible Temperature Coefficient (magnetic) —.19%°C 
such as periodic-focus traveling wave tubes. Magnetizing Field for Saturation, oersteds 10,000 


One big advantage is that in many applications Inpox Chemical Composition BaFe,,0,, 
VI-A may be magnetized before assembly. Like INpox V, Specific Gravity 4.5 or .162 Ib 
Inpox VI-A is best suited for simple shapes: rings, discs, ions eine a 
rectangles and squares. Magnet length (pressing direc- . 25 30 35 40 5060 100 
tion) is limited to one inch or less; longer units can be poser een een bsens beseech 
built up from separate magnets. 


Indiana design engineers worked closely with leading 
microwave manufacturers in the development of INDox 
VI-A. The same characteristics that make this material 
outstanding for microwave application will open the door 
to other new applications and improve existing products. 


New Inpox VI-A is another in a series of Indiana 
General’s notable achievements in ceramic magnet de- 
sign. For full details on this or other magnetic materials, 
write us or check your Indiana sales engineer. 


-65°C 
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H — KILO OERSTEDS 
OrvisS!ton oF Typical Characteristics and Demagnetization Curve for INDOX VI-A 


ray INDIANA STEEL PRODUCTS 
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Phone HOward 2-3131 — Direct Distance Dialing Code 219 
VALPARAISO, INDIANA 
GENERAL 


CORPORATION INDIANA PERMANENT MAGNETS 
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ACE’. 2a 


the lacing tape with 
a NON-SKID tread 


You can’t see it, but it’s there! Gudelace is 
built to grip—Gudebrod fills flat braided 
nylon with just the right amount of wax to 
produce a non-skid surface. Gudelace con- 
struction means no slips—so no tight pulls to 
cause strangulation and cold flow. 

But Gudelace is soft and flat—stress is dis- 
tributed evenly over the full width of the tape. 
No worry about cut thru or harshness to 
injure insulation . . . or fingers. 

Specify Gudelace for real economy—faster 
lacing with fewer rejects. 


Write for free Data Book. 

It shows how Gudelace and 
other Gudebrod lacing materials 
fit your requirements. 


GUDEBROD srRoOs. SILK CoO., INC. 





such gyroscopic instruments as rate, 
rate integrating, free, vertical and direc- 
tional gyros, as well as stable platforms 
and accelerometers. Drift phenomena 
and advanced gyro designs such as gas- 
bearing gyros, cryogenic gyros, electro- 
static gyros, and particle gyros are also 
discussed in the revision. The 60-page 
edition contains diagrams, equations, 
charts, graphs, tables and photographs 
which serve to illustrate the topics dis- 
cussed. Publication may be obtained 
from Kearfott Div., General Precision, 
Inc., 1150 McBride Ave., Little Falls, 
NJ. 


MAGNESIUM SPECIFICATIONS 


Federal and military magnesium speci- 
fications and standards of National Air- 
craft, Society of Automotive Engineers, 
Qualified Product List, and American 
Society for Testing Materials are given 
in 13-page bulletin. Send letterhead re- 
quest to Dow Metal Products Co., Div. 
Dow Chemical Co., Midland, Mich. 


TRANSISTOR AMPLIFIER PACKAGES 


Technical Bulletin 42-1018 contains de- 
tailed specifications on four standard 
PEC transistor-amplifier packages. Bul- 
letin describes four 4-stage transistor 
amplifiers ranging in power output 


EXECUTIVE OFFICES 
12 South 12th Street 
Philadelphia 7, Pa. 


ELECTRONICS DIVISION 
225 West 34th Street 
New York 1, New York 


from 0.5 to 3.0 milliwatts. They vary 
in size from 1 7/16 in. x 1% in. x 19/32 
in. for the 3.0 mw unit to 4% in. diam 
x 14 in. thick for the 0.5 mw unit. 
Units described are standard production 
models that can be modified to provide 
different frequency curves. Complete 
data on these four amplifiers, including 
frequency-response curves, noise level, 
load output, etc., are given. Write to 
Centralab, Electronics Div., Globe- 


HEVI-DUTY ANNOUNCES: 
new proportional power Union Inc., 900 E. Keefe Ave., Mil- 
waukee 1, Wis. 


Magnetic Amplifier (sec... so: 


Based on extensive tests in the com- 
pany’s laboratories, 40-page booklet 
contains new material on permeability 
and core loss of Carpenter High Per- 
meability “49” and Carpenter HyMu 
“80” alloys at both 60 and 400 cps. 
The publication reports comparison of 
permeability between Epstein strips, 
stamped rings, and DU laminations. Its 
permeability data were computed by 
various of the industry’s standard test 
methods, including those described in 
ASTM Standard A-346-58. The booklet 
also describes a new approach to core- 
loss calculations and contains a con- 
siderable amount of 60 and 400 cps 
loss data. The booklet is prefaced by 
a section describing the selection and 
use of test methods, magnetic behavior 
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The type 300 SRMA acts as an electrical- 
ly operated valve. It is believed to be the 
only proportional power controller com- 
mercially available. By combining this unit 
with a saturable reactor, a proportional 
power system is formed for controlling 
power to load. For further information on 
this amplifier, write for Bulletin T-7100. 


_HEVI-DUTY | 


Bip of metals, and the various alloys tested. 
AN REO INT Copies of the booklet are available by 
Hevi-Duty Electric Co. Cly ' writing on company letterhead to Mag- 


Milwaukee, Wisconsin 


hy ' netic Metals Co., Hayes Ave. at 21 St., 
fh Pinney, Sve Stee epeeee Camden, N. J. 


i 
herr 
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MOTOR CONTROL “NERVE CENTER” 


ACF ADJUSTABLE SPEED CONTROLS respond instantly to 
speed variations due to load changes. The patented ACF 
Magnetic Triggering “nerve center” provides precise 
control of firing angles; avoids response to spurious 
transients; gives driving power under extremes of tem- 
perature, line voltage and frequency. ACF drive systems 
from 1/100 to 15 horsepower are easily installed and are 
superior in any application requiring adjustable speed 
at constant torque. 


ACF STEPLESS MOTOR CONTROLS Operating from an 
AC source, are smaller, lighter, more economical than 
competing systems—give smooth, precise regulation 
over a wide range of speeds regardiess of load varia- 
tions. The “nerve center” eliminates the need for 
tubes and insures instantaneous, repeatable control. 
ACF compact drive systems, for both fractional and 
integral HP DC operation, are available as off-the- 
shelf items. 


For full information, write or call Paramus Plant, 11 Park Place, Paramus, N. J. Telephone: COlfax 1-4100. 


ACF ELECTRONICS 


DIVISION 


ACF INDUSTRIES 
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m New from Westinghouse 




















ATH 
200 amp 
eres 

1/, cost 
1% size 

Pee 

of conventional 

breakers 


From Westinghouse comes a com- 
plete new line of circuit breakers 
designated type QCC which are 
just 4 the cost, size and weight of 
conventional 200-amp breakers. 
They are designed for service en- 
trance use up to 240 volts a.c. and 
10,000 amps maximum interrupting 
Capacity rating. 

Although economically priced, 
Westinghouse QCC Breakers in- 
clude the quality features of De-Ion 
arc quenchers, a quick-make, quick- 
break over center toggle mechanism, 
and thermal magnetic trips. 

For more information contact 
your Westinghouse representative, 
Westinghouse distributor, nearest 
independent panelboard-switch- 
board builder, or write Westinghouse 
Electric Corporation, Standard 
Control Division, Beaver, Pa. You 
can be sure. . . if it’s Westinghouse. 


1 POLE 2 POLE 2 POLE 3 POLE 
120/240v. 120/240v. 240v. 240v. 


CORAM Westinghouse ~w) 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . 
in electrically operated end products . . 


tions and available application data. 


INDICATOR LIGHT 


Miniature “Logic Lite” combines a 
waterproof panel seal holder with a 
built-in resistor network and replace- 
able neon cartridge lamp with O-ring 


Se 


seal. Requires only 0.625 in. behind 
panel. For low-voltage, low-current in- 
dication in transistor circuitry. Meets 
MIL-L-3661-A. Eldema Corp., 1805 Bel- 
croft Ave., El Monte, Calif. 
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NYLON DRAW HANDLES 
AND CABINET HINGES 


Hardware items designed specifically 
for electronic units offer advantages 
of chemical resistance, sound-deadening 


characteristics, no need for lubrication 
and high electrical resistance. Hard- 
ware Designers, Inc., P. O. Box 4, 
South Hackensack, N. J. 
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ONE-COMPONENT EPOXIES 


“Epocast 260-D” and “Epocast 261-C”, 
rigid and semi-resilient materials, re- 
spectively, are stable at room tempera- 
ture and have low viscosity capable of 
good penetration. Properties of 260-D: 


178 


flexural strength, 11,000 psi; ultimate 
compressive strength, 16,000 psi. Prop- 
erties of 261-C: tensile strength, 2000 
psi; elongation, 40 per cent. Tempera- 
tures of 300 F required for cure. 
Furane Plastics, Inc., 4516 Brazil St., 
Los Angeles 39. 
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LIGHT-DEPENDENT RESISTOR 


Type B8.731.04 unit, whose resistance 
changes as a function of light intensity, 
has a resistance ratio of over 25,000 
to 1 for a light change from total dark- 


ness to 1400 ft-c. Operating tempera- 
ture range, —40 to +85 C. Size, 0.42 
x 0.06 in. Ferroxcube Corp. of America, 
Saugerties, N. Y. 


Circle 504 on Inquiry Card 


FLEXIBLE EPOXY 


“Miracle NP 711”, a two-part thermo- 
setting epoxy resin, offers. maximum 
flexibility for metal-to-metal bonding. 
Equal weight blend of NP 711 and cata- 
lyst provides adhesive resistant to im- 
pact. Pot life is to 1144 hr, temperature 
range is from —40 to +250 F. Ma- 
terial will not burn, causes no hazards 
of vapor exposure. Miracle Adhesives 
Corp., Bellmore, N. Y. 

Circle 505 on Inquiry Card 


MILITARY SWITCH 


Electric switch meets MIL-S-6743 for 
drawings MS25342 and MS25343. Unit 
is double-break, momentary-contact 
type. Designed for operating life of 
100,000 cycles min. Ambient operating 
temperature range —70 to +190 C. 
Operates at either 28 or 115 volts, 400 
cps. Resistive or inductive current ca- 


screened for design-in use 


. complete with all released specifica- 


pacity, 10 amp. Motor current capacity, 
6 amp. Appliance Control Dept., Gen- 
eral Electric Co., Schenectady 5, N. Y. 
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RECTIFIER TUBE 


Full-wave vacuum rectifier tube 5BC3 is 
intended for power supplies of radio re- 
ceivers and audio equipment having 
high d-c current and voltage require- 
ments. Peak inverse plate voltage rat- 
ing is 1700 volts, peak plate current 
rating is 1 amp per plate. D-C output 
current per plate in full-wave rectifier 
service is 300 ma with 290 volts d-c 
output to capacitor-input filter from 
600-volt plate-to-plate supply. Radio 
Corp. of America, Electron Tube Div., 
30 Rockefeller Plaza, New York 20. 
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POWER CONVERTERS 


Solid-state units suited for applications 
with thermoelectric generators, fuel 
cells or low-voltage batteries are prac- 
ticable with input as low as 0.1 volt. 
Any output, either a-c or d-c, can be 


supplied. Illustration: Model DPC-113 


is fully encapsulated and capable of 
being immersed in sea water for in- 
definite periods. Designed for 10-watt 
input. Size, 3 in. high x 2 15/16 in. 
wide x 2 9/16 in. high. The Hoover 
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NEW 
SILICON 
PLANAR 


dp MAX. Hie 


Tke NOISE FIGURE 


EXAMPLE OF LOW-NOISE AMPLIFIER DESIGN 


SIMULATED 
1K SOURCE 


| OK 


Send for APP 11/2 and APP 36 
MINIMUM BETA OF 75 


Guaranteed noise figure below all other 
devices, germanium or silicon, results 
from: high gain (reduces middle frequency 
shot noise), passivated surface (cuts low- 
* frequency flicker), and alpha cutoff of 
0.8mc @ 10zA (shifts high-frequency 
noise above the audio range). Extremely 
low leakage (typically 0.4mu#A) makes pos- 
sible low current operation. 


ELECTRICAL CHARACTERISTICS (25°C) 


K 
OUTPUT 


IcBo at Vcp == 60 V, Ip = 0 


2N2(149 
JEDEC 10-5 


MIN. MAX. 
10 mzA 


hfe at 1 kc, I¢ = 1.0mA 1 


hip at 1 kc, I¢ = 1.0mA 24 
Nob at 1 ke, Ic = 1.0 mA 0.1 


34 ohms 
0.5 umhos 


NF at I¢ = 100 wA, VoB== 10 V, 


f=1 kc, Rg=2K, BW=1 cps. 


3.0 db 


hF€, d.c. pulse, IC = 100 uA, 
Voge = 10V 


PLANAR RELIABILITY, STABILITY 


Performance characteristics of the 2N2049 
are largely attributed to high degree of 
uniformity inherent in the Fairchild Planar 
Process. Parameter stability is assured as 
all junctions are protected against contam- 
ination or environmental change from the 
start of manufacture by an integral oxide 
layer. 


HIGH YIELD, LOW PRICE 


Low price, vesuliting from high Planar 
yields, makes it practical and economical 
to specify the 2N2049 for a wide variety of 
audio applications, and for differential 
amplifiers and d-c amplifiers where stabil- 
ity, low leakage, and low noise are prime 
considerations. Get complete data and 
pricing information from your Fairchild 
distributor or sales office. Or write direct. 


eS & 2 ee). i e.. 
SP 

F-AIR CHILE 

a 
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SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.» YORKSHIRE 8-8161 - TWX: MIN YW CAL 853 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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Up to 1500 Amperes 


Over 200 
Rectifier Power Supplies 
Automatic Battery Chargers 


in these 6 Types 


SILICON 
CONTROLLED 


RECTIFIER TRANSISTOR- 


MAGNETIC 
AMPLIFIER 


MAGNETIC 
AMPLIFIER 
(STAVOLT) 


UNREGULATED AND 
SEMI-REGULATED 
(RECTODYNE) 


BATTERY 
CHARGERS 
FOR EVERY TYPE 


TRANSISTOR OF BATTERY 


Write for 
Complete Information 


CHRISTIE 
ELECTRIC CORP. 


3412X West 67th Street 
Los Angeles 43, California 


©. 
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Co., Electronics Div., P. O. Box 181, 
Baltimore 3. 
Circle 508 on Inquiry Card 


PAPER TUBULAR CAPACITORS 
“PTL Jaguar”, available in ratings of 
0.001 to 1 pf at 400, 600, 1000 and 
1600 volts, exhibits moisture and heat 


% 


resistance approaching molded units. 
Dimensions, from 144 x 1 to 1 x 2% 
in. Applications, d-c, a-c and pulsed 
d-c. Temperature range, —40 to +125 
C with no derating. Cornell Dubilier 
Div. of Federal Pacific Electric Co., 
Sanford, N. C. 
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MINIATURE GEAR MOTORS 


Type VS permanent magnet d-c units 
provide up to 35 oz-in. torque continu- 
ous duty. Two configurations available: 
end-mounted reducer with choice of 62 


ratios from 7.88:1 to 25,573.65:1 and 
side-mounted reducer with choice of 27 
ratios from 26.93:1 to 2511.84:1. End- 
and side-mounted reducers with motor 
are 7/16 x 7% x 334 in. max length 
and 7% x 7% x 214 in. long, respectively. 
Typical weight, 2.5 oz. Globe Indus- 
tries, Inc., 1784 Stanley Ave., Dayton 
4, Ohio. 
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ELECTRONIC TIMER 


Type 940 solid-state timer has full- 
scale time ranges of 0.1, 1, 10 and 100 
sec. Repeat accuracy, 1 per cent of full 


scale. Three models for use as interval 
timer, time-delay relay or cycling timer. 
Load relay, of plug-in type, has life 
rating over 10 million cycles. Life of 
other elements rated at 40 million 
cycles. Load contacts are DPDT rated 
25 amp, 120 volts a-c resistive or in- 
ductive (with 75 per cent power factor). 
Cramer Div., Giannini Controls Corp., 
Centerbrook, Conn. 
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LINEAR PULSE AMPLIFIER 


Model 15-A-002 offers solid-state ampli- 
fication of random pulses to 200,000 
per sec and regular pulse train to 1 
mc. Voltage gain, 300 min. Input and 


output impedance, 1 k ohm. Supply 
voltage, 18 to 30 volts d-c, 22 volts 
nominal; supply current, 8 ma. Am- 
bient temperature range, —10 to +130 
F. Franklin Systems, Inc., P. O. Box 
3250, West Balm Beach, Fla. 
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LATCHING RELAY 


Type LGA (5 amp contact rating) and 
LGB (10 amp contact rating) reset 
relays, available in several a-c and d-c 
coil voltages, have mechanisms with 
only two moving parts. Contact arrange- 


ments, SPDT, DPDT and 3PDT. Nom- 
inal operating power, 2 to 3 watts for 
d-c and 3 to 4 va for a-c. Mechanical 
life expectancy, 500,000 operations. 
Temperature range, —55 to +85 C. 
Dimensions, 3.03 in. long x 1.59 in. 
wide x 1.88 in. high. Electronics Div., 
Elgin National Watch Co., 2435 No. 
Naomi St., Burbank, Calif. 
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ROTARY LIMIT SWITCH 


Low-ratio geared-down and geared-up 
units are available with two to four 
SPDT or two DPDT switches with gear 
ratios of 1:1, 1:2, 1:3 and 2:1. Poten- 
tiometer coupling available with 1:1 
ratio unit and can be geared at 1:1, 

(Continued on page 185) 
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GMW TRON FUSE 
Diameter: .270 inch 
Length of Body: 4 inch 


Nate fears 
irre yrore 
a a a ca ea 


ACTUAL SIZES Pretest) 


Another BUSS sub- miniature fuse and holder combination 


EXTREME RELIABILITY UNDER HIGH SHOCK 

AND SEVERE ENVIRONMENTAL CONDITIONS. 

Rigid construction of fuse and holder assures 
extraordinary reliability under high shock and 
vibration conditions. Fully insulated ceramic 
body isolates fusible element from effect of dust, 
corrosion, moisture and vapors. 


DESIGNED FOR SPACE-TIGHT APPLICATIONS 

Panel Mounted. Holder can be mounted on 
panel by hand. No special tool required to run 
down holding nut. 


Prong type contacts on fuse make it easy to 
install or replace. 

A knob for the holder may be used to make 
holder water proof from front of panel. 


HOLDER CAN BE MOUNTED IN PRINTED CIRCUITS 


Terminals of holder can be inserted into holes 
and soldered on printed circuit board without 
additional forming. 

If desired, GMW fuse may be used without 


holder and mounted directly into printed cir- 
cuit boards. 


AVAILABLE RATINGS FOR GMW FUSES. 


Fuses are made in sizes from 1/10 to 5 am- 
peres for use on circuits of 125 volts or less 
where fault current does not exceed 50 amperes. 

Transparent window in end of fuse body 
permits visual inspection of fusible element. 

Before crystallizing your design using sub- 


miniature fuses be sure to get full data on the 
Buss GMW fuse and HWA holder combination. 


IN THE BUSS LINE, you’ll find the type and size fuse to fit your 


every need... plus a companion line of clips, blocks and holders. 


ELECTRICAL PROTE: 


Exploded view of 
GMW-HWA fuse 
& holder combina- 
tion. 


FUSETRON TRAN 


TRUSTWORTHY NAMES IN 
ICTION 


s 


BUSSMANN MPG. DIVISION, McGraw-Edison Co., UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO. 
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The cost of miniaturization 


just dropped 20% 


Trends can be overpowering. Once 
established, they're tough to reverse. 

Take the cost of miniaturization, for 
example. As electronic packages get 
smaller, price tags get bigger. No one 
seems surprised. It’s a trend. 

There’s a reason, of course. Tiny 
things are hard to build, especially with- 
in space-age reliability requirements. 

Amphenol designers decided that if 
ever a trend needed reversing— it was 
this one. 

“How” was another question. They 
knew that conventional miniaturized 
pin and socket connectors were about 
as small as they were ever going to be. 
The spring member in the female con- 
tact (necessary for a snug, low-resis- 
tance connection) took up valuable 
space and set a lower limit for practical 
center-to-center contact spacing. The 
spring was obviously holding up prog- 
ress in miniaturization. It had to go. 


So, it went. 


®& Amphenol designers developed the 
Wire-Form Poke-Home® contact, a 
male contact that supplies its own ten- 
sion and can be crimped or welded 
before assembly. Overnight, contact 
spacing plunged from .175 inch to .100 
inch. And, best of all, the new contact 
was less costly to manufacture. (It's 
built on automatic equipment.) 

The trend reversal was well on its 
way. Amphenol designers had a new 
contact——the next step: putting it to 
work in connectors. 


To answer the need for an econom- 
ical micro-miniature rack and panel 
connector, the Micro-Rac was un- 
veiled. Space-saving Wire-Form con- 
tacts and an _ integral-body-dielectric 
construction made it possible to pack 
20% more connections in the same 
space—and at nearly half the previous 
cost. As for reliability, after 1,000 re- 
peated insertion and withdrawal cy- 
cles, the Micro-Rac retained its orig- 
inal low resistance characteristics. 


& Next came the Strip Connector, six- 
inch lengths of Lexan* plastic with 
contact holes on .100 inch centers. A 
do-it-yourselfer's delight, strips can be 
cut and stacked to suit hundreds of 
applications where a connector is a 
must-——but for which no other eco- 
nomical connector exists. Example: 
strips can be stacked to form micro- 
miniature programming boards or in- 
strumentation terminations. They also 


* Registered TM General Electric Co. 


The Amphenol Wire-Form contact at work. 
Multi-purpose Strip Connectors (A) connect 
modules to chassis; Micro-Rac Connectors 
(B) connect chassis to cable assembly. 


can be used as economical tape cable 
connectors, modular connectors, logic 
card connectors, to mention a few. 

Wire-Form contacts can be used 
separately, too. Example: contacts can 
be crimped or welded to modules and 
plugged into special eyelet-type re- 
ceptacles on printed circuit boards. 
Non-modular components, such as 
transistors, become pluggable by crimp- 
ing Wire-Form contacts to their leads. 

And that was that. The trend 
was reversed. 


wf you would like more information 
about Wire-Form Poke-Home contacts, 
Micro-Rac 52- and 104-contact rack 
and panel connectors, Strip Connec- 
tors (or any Amphenol Connector for 
that matter) call your Amphenol Sales 
Engineer. Or, write to Dick Hall, Vice 
President, Marketing, Amphenol Con- 
nector Division, 1830 S. 54th Avenue, 
Chicago 50, Illinois. 


Acting like four spring fingers, Wire-Form 
beryllium-copper beam sections assure a low 
resistance connection (.0025 to .0030 ohm) 
even after 1,000 insertion-withdrawal cycles. 


"AMPHENOL) Connector Division / Amphenol-Borg Electronics Corporation 








Mallory imagination 
in resistors 
may cut your costs 


Example: a Mallory custom-engineered dual 
vitreous enamel power resistor. Takes the 
place of two separate resistors of different 
values. Cuts component cost, handling cost, 
wiring and assembly cost. 


Let our engineers take a value-minded look 
at your resistor requirements. We’re full of 
cost-saving ideas. And we have a complete 
line of vitreous resistors to fit your needs, 
from 3 to 240 watts, fixed, adjustable and 
multi-tap ... including types qualified under 
MIL specs. Write or call Mallory Controls 
Company, Frankfort, Indiana. 


A division of 


ALLORY 
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Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


...at factory prices... 


from these Mallory 
Industrial Distributors... 


ARLINGTON, VA. 
Rucker Electronic 
Products 


BOSTON, MASS. 
Cramer Electronics 
Lafayette Radio 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. — 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


PALO ALTO, CALIF. 
Zack Electronics 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 
Bruce Electronics 


See Mallory Controls Company for 


carbon power selector plugs 
controls rheostats switches & jacks 
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1:2 and 1:3. Gemco Electric Co., 25685 
W. Eight Mile Rd., Detroit 40. 
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OSCILLATOR PACKAGE 


Model AFS17 L-C silicon transistor 
unit with built-in buffer amplifier is 
available in any fixed output frequency 
from 100 cps to 1 mc. Frequency toler- 
ance, +5 per cent. Temperature range, 


—40 to +70 C. Size, 114 in. diam x 2 


9/16 in. high. Hermetically sealed. 
Octal plug-in base. Withstands shock 
and vibration. Input, 24 to 30 volts 
d-c. Output, 2 to 5 volts rms. Output 
impedance, 5000 ohms. Greenray In- 
dustries, Inc., 5281 E. Simpson Rd., 
Mechanicsburg, Pa. 
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PILOT-LIGHT BULB 


Bulb is 4% in. diam x 1 7/16 in. long 
and produces 36 lumens of light. Uses 
two 3-volt filaments in series. Voltage 


rating, 125 volts; 6 watts. Average life, 
1500 hr. General Electric Co., Nela 
Park, Cleveland 12. 
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SELF-CLOSING SLIDE 


Model 340 “Auto-Slide” is available in 
lengths from 14 to 28 in. After slight 
push, slide closes itself. Requires 14 
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AXIAL-VANE- 
BLOWER INDUCTION 
MOTORS FROM KEARFOTT 


Kearfott Axial-Vane-Blower Induction Motors meet the 
needs of a wide range of application problems. The motors 
shown here represent part of the many types available for 
the most demanding loads and environmental conditions. 


DE-20-6 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This motor was designed to drive an axial-vane blower, but is adapt- 
able to many other applications. Corrosion-resistant construction 
provides efficient, continuous operation in severe environments. 


Input: 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: 3.4 hp, 11,500 rpm 
Weight: 9 Ibs. 6 oz. 


DE-30-1 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This induction motor is specifically designed to drive an axial-vane 
blower for coding equipment and crew compartments at altitudes 
up to 30,000 feet. 
Input: 200 volts, 400 cycles, 3 phase 
880 watts at full load 
Output: 1% hp, 7,500 rpm 
Weight: 10 Ibs. 2.5 oz. 


C-20-37 | HIGH-PERFORMANCE, AXIAL-VANE-BLOWER MOTOR 


This induction motor is a ruggedly constructed unit designed to 
operate without diminished performance in very severe environ- 
ments. Design features include extreme speed, low noise, high effi- 
ciency and precision balance. 
Input: 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: % hp, 22,300 rpm 
Weight: 3 Ibs. 10 oz. 


TYPICAL CHARACTERISTICS 


Write for complete data 


<> KEARFOTT DIVISION 


Little Falls, New Jersey 
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GENERAL PRECISION, INC. 


SPEEDS OF LESS 
THAN 50 R.P.M. 
CAN NOW BE 
ACCURATELY 
DETECTED WITH 
iS 
Peta eae 
DEVICE 
DEVELOPED BY 


. . detects 1 to 4 different 
speeds (high and low limits, or 
single limit on each circuit ). De- 
signed for low speed applications 
of less than 100 rpm. Inquire 
about SYNPROTEX DIFFER- 
ENTIAL unit for low speeds... 
or standard SYNPROTEX speed 
detectors for speeds from 100 
to more than 15,000 rpm. 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 W. Monroe Street © Bedford, Ohio 
Phone: BE 2-4100 
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in. of side space. Load capacity, 100 
Ib. Finish, bright zinc; can be plated 
to suit requirements. Appliance Div., 
Grant Pulley & Hardware Corp., High 
St., West Nyack, N. Y. 
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SPEED REDUCER 


Double-reduction units come in seven 
sizes with torque capacities from 22,- 
700 to 145,000 in.-lb. Worm and gear 
are mounted at 90 deg. Ratios, from 
25:1 to 3600:1. Large oil baths and 


deep fins on both housings keep oper- 
ating temperatures less than 100 deg 
above ambient. Cleveland Worm & Gear 
Div., Eaton Mfg. Co., 3300 E. 80 St., 
Cleveland 4. 

Circle 518 on Inquiry Card 


WIDE-BAND SERVO AMPLIFIER 


Model C70 3516 001 semiconductor unit 
operates inductive loads that are ca- 
pacitor-tuned to signal frequencies be- 
tween 250 and 1800 cps at between 3.5 


and 9 watts over —55 to +125 C. Input 
signal, 40 volts rms. Voltage-gain sta- 
bility, +1 db. Phase shift, 3 deg, +3 
deg. Zero-signal current drain, 160 ma 
d-c max. Kearfott Div., General Pre- 
cision, Inc., 1150 McBride Ave., Little 
Falls, N. J. 
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ELECTRICALLY CONDUCTIVE 
MOLDING COMPOUND 

Grade X-1011-F glass-fiber-reinforced 
polyester is corrosion-resistant. Molded 
parts require little or no machining 
and are lighter than metal. Physical 





RCA 
SILICON POWER 
TRANSISTORS 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


yw Fast delivery from local stock 

yw Prompt delivery of the latest RCA 
types for your evaluation 

yw Orders filled from factory-fresh 
stock 

yw Up-to-date, practical product infor- 
mation 

yw Valuable RCA technical assistance 
when you need it 

w “One-stop” service on your orders 

w Specialists who understand your 
problems and your electronic needs. 


Remember, when you want fast delivery, 


| reliable service, always check first with 


your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 
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RCA ANNOUNCES 


New High-Voltage Silicon Rectifiers 


covering the full range 
from 1.200 to 10,000 PIV 


10 RCA Diffused-Junction rectifiers with integral voltage-equalizing networks 
offer outputs up to 825 ma DC for military and industrial applications 


HALF-WAVE RECTIFIER SERVICE 


Absolute-Maximum Ratings for Supply Frequency of 60 cps, 
Single-Phase Operation, and with Resistive or Inductive Load. 


Here’s important new flexibility for your critical high-voltage rectifier 
applications—RCA’s broad line of encapsulated, insulated multi-cell 
rectifiers. Check the benefits these rectifiers can bring to your designs: 


* Integral voltage equalization—Resistor-capacitor equalization 
network across each internal rectifier cell equalizes voltage dis- 
tribution under both transient and steady-state conditions. 
Ratings you can use with confidence—RCA rectifiers are designed 
to provide top performance at maximum published ratings. Con- 
servative RCA ratings provide built-in safety factor. 

High output current: 
—550 to 825 ma at 60°C. Single-phase, half-wave circuit. 
—Up to 2.2 amps.—6 rectifiers in 3-phase full-wave bridge 
circuit. 
—Up to 1.65 amps.—4 rectifiers in single-phase full-wave 
bridge circuit. 
High efficiency and excellent regulation—Each diffused-junction 
cell has only 0.6-volt maximum voltage drop (full cycle average). 


Wide operating and storage temperature range. —65°C to +125°C. 
Compact Size—23% to 514 cubic inches. 

Unique case design—allows rugged mounting; provides extra long 
corona path for added safety. 


Designed to meet military mechanical and environmental test 
specifications. 


EN Ed dC 
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Peak Inverse Volts 
RMS Supply Voits 
DC Blocking Volts . . . . 


Average Forward Milliamperes: 
At 60°C ambient temperature . 


At 100°C ambient temperature . 
Peak Recurrent Amperes. . . . 





Peak Surge Amperes: 


(One-half cycle, sine wave) . . ————_—_—_——_——————— 15 


— 65 to + 125 °C 


* “CR”-Series types may be used in series up to 20,000 PIV without 
added voltage equalization. 


Ambient Temperature Range: 
Operating and storage. . . . 


Custom designs are available for higher voltages, higher temperature, 
oil submersion, special packaging requirements. 

Call your RCA REPRESENTATIVE today for full particulars on these 10 
new rectifiers. For additional technical information, write RCA Semi- 
conductor and Materials Division, Commercial Engineering, Section 
K-54-NN, Somerville, N. J. 


— The Most Trusted Name in Electronics 
AVAILABLE THROUGH RADIO CORPORATION OF AMERICA 


YOUR RCA DISTRIBUTOR 
® 


RCA FIELD OFFICES...EAST: Nework, N. J., 744 Broad St., HUmboldt 5-3900 * (Camden, N. J. area) Erlton, N. J., 605 Marlton Pike, HAzel 8-4802 * Syracuse, N. Y., 731 James St., Room 402, GRanite 4-5591 © 
Baltimore, Md., ENterprise 9-1850 * NORTHEAST: Needham Heights 94, Mass., 64 “A” St., Hillcrest 4-7200 * SOUTHEAST: Orlando, Fla., 1520 Edgewater Drive, Suite #1, GArden 4-4768 © EAST CENTRAL: 
Detroit 2, Mich., 714 New Center Bidg., TRinity 5-5600 * CENTRAL: Chicago, Ill., Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 * Minneapolis, Minn., 5805 Excelsior Blvyd., WEst 9-0676 * WEST: Los 
Angeles 54, Calif., Box 54074, RAymond 3-8361 * (San Francisco area) Burlingame, Calif., 1838 El Camino Real, OXford 7-1620 * SOUTHWEST: Dallas 7, Texos, 7905 Carpenter Freeway, Fleetwood 7-8167 © 
GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 * Washington, D. C., 1725 “K” §t., N.W., FEderol 7-8500. 





TOT 
PO ae 


Cuts readily to any shape with 
ordinary scissors. 


Thin Versatile 
Co-Netic and 
Netic Magnetic 
Shielding Foils 


properties: impact strength, Izod 
notched, 5 ft-lb per in.; flexural, 16,000 
psi; tensile, 5000 psi. The Glastic Corp., 
4321 Glenridge Rd., Cleveland 21. 


Wraps easily. Circle 520 on Inquiry Card 


Permit positioning foil-wrapped components A & B closely, 


COUNTERS AND TALLYS 


Light and medium duty units, including 
both mechanical and magnetic units, 
are rated at 700 strokes per min and 
feature outside resets. Illustrated in 
counter-clockwise order: Model HL-5 
for light applications such as office 


MUP Ce COME Ce LC 
possible compact and less costly systems. 


How thin Co-Netic and Netic foils lower your mag- a ne vial 
netic shielding costs: = au" 
1) Weight reduction. Less shielding material is used cseenind 
because foils (a) are only .004” thick and (b) cut and 

contour easily. 

2) Odd shaped and hard-to-get-at components are 
readily shielded, saving valuable time, minimizing 
tooling costs. 

These foils are non-shock sensitive, non-retentive, re- 
quire no periodic annealing. When grounded, they 
effectively shield electrostatic and magnetic fields over 
a wide range of intensities. Both foils available from 
stock in any desired length in various widths. 


Shielding cables reduces 


‘ > a 
magnetic radiation or | 8 8 A i 


equipment; Model HE-6, electrical 
unit for remote control; Model HM-5, 
a medium-duty fast-stroke unit for 
machine use; Model HT-4 hand tally; 
Model HD-4 desk tally and Model 5A 
heavy duty industrial counter for ma- 
chines. Hart Mfg. Co., Ann Arbor, 
Mich. 


Co-Netic and Netic foils are successfully solving many 
types of electronic circuitry magnetic shielding prob- 
lems for commercial, military and laboratory appli- 
cations. These foils can be your short cut in solving 
magnetic problems. 





Wrapping tubes prevents 
outside magnetic 
interference. 


Circle 521 on Inquiry Card 


FLAT HERMETICALLY 
SEALED CAPACITOR 

Type 605 unit for military applications 
is available in capacities from 0.01 to 
0.33 uf in 50-volt ratings. Temperature 


When accidentally exposed to unpredictable magnetic fields, presto! — your valuable 
Gata is combined with confusing signals or even erased. 


For complete, distortion-free protection of valuable magnetic tapes 
during transportation or storage. Single or multiple reel Rigid 
Netic Enclosures available in many convenient sizes and shapes. 


Thin pliable foil wraps easily 
around magnetic tape, maintain- 
ing original recorded fidelity. 


HERMETICALLY SEALED 


Write for 
further details 
today. 
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Bisié Netic 
(.014" and up 
in thickness) 
Shielded Rooms 
and Enclosures 
for safe, distor- 
tion-free stor- 
age of large 
quantities of re- 
corded magnetic 
tapes. 


Composite pho- 
to demonstrat- 
ing that mag- 
netic shielding 
Qualities of 
Rigid Netic Alloy 
Material are not 
significantly af- 


sina Sobel 


fected by vibration, shock (including dropping or 
bumping) etc. Netic isnon-retentive, requires no periodic 


annealing. 


RMANENTLY EFFEL 
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MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue, Chicago 22, Illinois 


range, —55 to +125 C. Tolerances, 
+20, +10 and +5 per cent. Dielectric, 
Mylar. Meets vibration requirements of 
MIL-C-19978A. Good-All Electric Mfg. 
Co., Ogallala, Nebr. 
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MINIATURE COUNTERS 


Models 1005 and 1006 have drums 
0.288 in. in diameter and digits 0.075 
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WHEN YOUR DESIGN > 


REQUIRES RELIABLE ¥ 


Practical Products for Creative Engineering 


#600 psec SWITCHING... 


fl 
‘I Y 
‘i 


OAK HIGH SPEED RELAYS— 

Oak engineers have spent years of research in design- 
ing this reliable high-speed relay. When used in 
computer, multiplexing, or telemetering applications, 
this SPDT, break-before-make relay will provide com- 
bined pull-in and drop-out times ranging from 600 to 
1000 micro-seconds. Most important, however, is the 
care taken in design and manufacture to assure mini- 
mum life of 5 X 108 operations over specified environ- 
mental conditions. This care extends not only to the 
design and the selection of materials but also includes 
accurate assembly in the new Oak Relay White Room 
to assure performance to these rigid specifications. 
For complete specifications, contact your local Oak 
sales representative. 


AMBIENT TEMPERATURES: —55°C to +100°C, 

operating; —65°C to +100°C, storage 

VIBRATION: 5 to 500 cps, 10G, per Method 204, 
MIL-STD-202A 

SHOCK: 15 G for 11+1 millisec 

ALTITUDE: 50,000 ft. per Method 105, MIL-STD- 
202A 

CORROSION: 50-hr salt spray per Method 101A, 
MIL-STD-202A 

HUMIDITY: Method 196, MIL-STD-202A 

CONTACT RATING: 1 ma max, 35 VDC 

BOUNCE: 100 microseconds max 

NOISE: Less than 100 microvolts, peak-to-peak, when 
tested according to EIA Standards Proposal No. 701 


Creative Engineering * Quality Components 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, ILLINOIS © Telephone: Crystal Lake, 459-5000 


Plants in Crystal Lake, Illinois * Elkhorn, Wisconsin 


SUBSIDIARIES: OAK ELECTRONICS CORPORATION, Culver City, Calif. 


ROTARY AND PUSHBUTTON SWITCHES ° 
ROTARY SOLENOIDS 


APPLIANCE CONTROLS 


NOVEMBER 1961 


MCCOY ELECTRONICS CO., Mt. Holly Springs, Pa, 


TELEVISION AND FM TUNERS VIBRATORS 
CHOPPERS CONTROL ASSEMBLIES 
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Durakool works Better for you longer 
... with “all-steel” Mercury 


* TIMER RELAYS 
* CONTACTORS 
* TILT SWITCHES 


All available insulated or bare 


e Timer “Fixed Time” Relays 
Pre-set tamper proof timing in normally 
open or closed contacts. Choice of ‘2 
thru 20 seconds. 


Contactors 

30-60 and 100 amp. 1, 2 and 3 pole 
combinations. Normally open or closed 
contacts. 


Tilt Switches 

Will work in any position around the 
diameter. 1 amp. size is mercury to 
metal, over 1 amp. mercury to mercury 
contacts. 


“ec; ” 
yeni: — a : 
“ shown 
Hypressure-Hydrogen aris. HT f re iH tH 
arc-quenched Setlotia 72a a eee in ae: 
60 ampere relay No. D73B ste 
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25 years of (-] REDUCE COSTS 
‘tuny ports. [_] SIMPLIFY ASSEMBLY 
(_] IMPROVE APPEARANCE with’ 


DIE CAST ZINC ALLOY { 
CG RC & MOLDED NYLON | 


@ Uniformly accurate. ° Wide sange ‘of 


: e High li k styles, , 
now! WASHER BASE ee ee Soa 
WING NUTS 


from GRC STOCK Produced in one high speed automatic 


operation, GRC’s exclusive methods as- 

sure uniformity, smooth, rustproof & cor- 

rosion resistant surfaces and the lowest 

eo i possible cost. New kinds of fasteners 

f never before available . . . modifications 

in stock fasteners for specified use . . . 

infinite variety in styles, types and sizes, 

Integral wide-diameter washer have been made possible by 
base eliminates need for sepa- GRC’s special automatic die cast- 


rate washer. Cuts your cost, ing and molding machines. 
saves assembly time and labor. 


eee suitable for use with Write, wire, phone RIGHT NOW 
bolt holes, adjusting slots, soft f \ . 

surfaces. Holds better because or campies, prices & copy of 
of greater seating area. 14 GRC’s NEW DETAILED CATALOG 
thread sizes—#6 thru 3%”. GRC 

—world’s most complete stock World's Foremost 


f fan 4 oduc 
o standard and special wing Z P. er oe 
Small Die Castings 1® 


GRIES REPRODUCER CORP. 
149 Beechwood Ave., New Rochelle, N. Y. . NEw Rochelle 3-8600 
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in. high x 0.045 in. wide and are re- 
versible. Model 1005 has a 200:1 gear 
reduction so that 20 revolutions of the 
input shaft equals 1 count on the drum. 
Pitch of gears in train, 120. Dimen- 
sions, 7/16 in. wide x 5% in. long x 
29/64 in. high. Maximum input speed, 
5000 rpm. Model 1006, 15/32 in. long. 
The Haydon Instrument Co., 17 Brown 
St., Waterbury 20, Conn. 

Circle 523 on Inquiry Card 


ADJUSTABLE FLOW SWITCH 
Model FS-10798 switch is field adjust- 


able to detect flow-rate variations in 
liquids or gases. Displacement of mag- 
net-equipped shuttle actuates switch 


contacts. Range of actuation, 0.1 to 10 
gpm for liquids and 0.5 to 30 scfm for 
gases. Can be installed in any straight 
line of piping. The Gems Co., Shep- 
pard Lane, Farmington, Conn. 

Circle 524 on Inquiry Card 


SELENIUM RECTIFIERS 


Miniature “Vac-U-Sel” units, in paper- 
base phenolic cartridge, are of 0.010- 
in. thin aluminum stock, stacked in 
cylindrical housing containing up to 


mf Ml 
500 cells. Max ambient temperature, 
+130 C. General Electric Co., Rectifier 


Components Dept., W. Genesee St., 
Auburn, N. Y. 
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CARTRIDGE HEATERS 


Electric units, for heating to 600 F, 
are available for receptacle holes from 
3% to 1 5/16 in. diam. Heat length 
up to 84% in. From 75 to 1000 watts. 
Special units available for temperatures 
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New! Higher 


permeability, 


no extra cost... 


in small transformer core laminations. 


Pack extra performance into your miniature 
transformers at no extra cost with Magnetic 
Metals’ new mite-size transformer core lamina- 
tions. Use these carefully engineered laminations 
where you need high specific resistivity and low 
hysteresis loss, particularly where you require 
low core loss at high frequencies. They let you 
miniaturize your designs even further without 
sacrificing performance. 

Supplied only by Magnetic Metals, these new 
small laminations are made of “Supermu 40’’* 
which provides the highest permeability com- 
mercially available. Advanced manufacturing 
techniques now bring this premium line of 
laminations to you at no extra cost. 


Write today for more information on our en- 
tire line of small transformer core laminations. 
Our engineers are ready to help you select, from 
the most comprehensive line of laminations in 
the industry, the best grade of material for the 
exact results you want. 


oy 


Hayes Avenue at 21st Street, Camden 1, New Jersey 
853 Production Place, Newport Beach, California 
transformer laminations « motor laminations + tape-wound cores 


ETALS 


*79% nickel-iron molybdenum alloy powdered molybdenum permalloy cores + electromagnetic shields 
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.., another 
NEW product 


ase 
Lor oKe™ 
nic aurene® 

NOW AVAILABLE —- 
540 Ib-in. Torque 
Miniature Clutch 

Model 5.5 

Style SMR* 
(Shown ¥2 Size) 


“Style SMR 
signifies 
Stationary 
Magnet Body, 
Rotor—Ball 
bearing mounted. 


MORE TORQUE PER POUND... 

: MORE TORQUE PER CUBIC INCH... 

weighs 24%—63% LESS, occupies 19%—64% LESS cubic area, 

than other standard clutches of similar torque rating ! 
STEARNS STYLE SMR MINIATURE CLUTCHES 


Max. : 
MODEL | MAX. TORQUE | DIAMETER DEPTH V.D.C.W. 
P55 | SM0lb-in, | 5%" | 21%” 115 
a ee 


[240 tbsin. | ae? [1% 
33_|toowin. [347 |r 
32 80 Ib-in. 





Lis | 2b | 1K 

e For applications requiring high torque, high running speed, mini- 

mum size and weight. Ball bearing mounted rotor, and stationary 

magnet body eliminate alignment problems — speed installations. 

e Can be supplied: 1. For 6, 12, 28, 90, 115 VDCW — class “A” 

through class “‘H” insulation. 2. With integral sprockets or sheaves. 

3. To meet military specifications. 4. In split and thru-shaft ar- 

rangements. 5. In any combination of the above. 6. As magnetically 

set brakes, and as clutch-brake combinations. 

e Installation- Proved — for Assured Matched-to-the- Machine Per- 
formance and Long Life. Request 
complete Clutch Data File 61C. 


Mi ENC R\ClvelO/ R/O 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brakes — Clutch-Brokes 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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over 1100 F. Heatrex, Inc., Dept. 562, 
Meadville, Pa. 
Circle 526 on Inquiry Card 


MINIATURE SCREW-THREAD 
INSERTS 


Wire units for providing permanent 
threads in soft metals are produced 
in Sizes 3-48 NC, 4-0 NC, 448 NF, 
5-40 NC and 5-44 NF. Results in sav- 


ing of boss space, weight and material 
over solid bushings. Inserts available in 
phosphor bronze, carbon steel, etc. Heli- 
Coil Corp., Danbury, Conn. 

Circle 527 on Inquiry Card 


MILLIVOLT REFERENCE BOX 


Highly accurate, stable unit provides 
precise suppression voltage or controller 
set point for high-temperature process- 
control applications. Operates in 0 to 
20 mv range with three overlapping 


ranges of 10 mv each. Unaffected by 
changes in line voltage. Temperature 
induced drift, 0.15 pv/ deg F between 
+60 and +120 F. Hagan Chemical & 
Controls, Inc., Hagan Center, Pitts- 
burgh 30. 

Circle 528 on Inquiry Card 


SIZE 8 SYNCHROS 


Line of Size 8 synchros incorporates 
transparent end caps and electrical zero 
marks on rear collector ring and brush 
block. Synchros provide user with abil- 
ity to observe synchro signals being 
generated with respect to electrical zero. 
Units have advantage of allowing set- 
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SPECIFICATIONS 


Tapered conduit threads 
guarantee a strong, rigid, 
water and oil tight joint. 


Tapered rubber grommet with 
anti-friction washer provide 

a permanent tight sealing 
grip on outer jacket of cable. 


Aluminum nut and body 
insure corrosion resistance 


and high lustre finish. 

Sizes: most complete range of 
sizes from 4%” to 3” conduit 
and \%" to 23%” cable. 


» 
«< 
= 
- 


e 
; 
} 
3, 


you can measure the difference 
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icate control 
Is desks... 


simple 


transformer 


fanks ..eecee 


ELECTRICAL ENCLOSURES 
CUSTOM BUILT 


a, 1 [4//e 


Whether Your Needs Are for Only One Unit or Thousands— 
If you Require an Intricate Control Desk or Large Quantities 
of Simple Assemblies—Send Your Problem to Kirk & Blum. 


Exceptional fabricating experience and facilities . . . that’s 
why KIRK & BLUM offers you exceptional service in fabri- 
cating electrical enclosures. There’s no limit on size, quantity, 
shape or intricacy. We build, to your exacting specifications, 
parts and assemblies of sheet steel, light plate, stainless, 
aluminum, monel and other alloys in gauges to % ". 


Over 54 years of experience guarantee you complete satis- 
faction. 


Write for your copy of the latest KIRK & BLUM Electrical 
Enclosures Booklet. For prompt quotation, send your prints 
to The KIRK & BLUM MFG. CO., 3122 Forrer Street, 
Cincinnati 9, Ohio. 


Control! Desks 
Instrument Panels 
Electrical Enclosures 
Control Panels— Cubicles 
Outdoor Electrical Enciosures 
Transformer Tanks, Test Stands 
Switch Gear Housings, Louvres 


We Bring Your Prints to Life 


KURK:. Flum 


METAL FABRICATION 


Circle 190 on Inquiry Card 








ting of electrical zero from the terminal 
end. The units meet all applicable 
military specification requirements. 
IMC Magnetics Corp., 6058 Walker 
Ave., Maywood, Calif. 


Circle 529 on Inquiry Card 
THIN-FILM RESISTORS 


Hermetically sealed tin-oxide resistor 
networks offer high reliability and sta- 
bility under high temperatures. The 
networks meet MIL-R-110509C. Films 
have a basic resistivity of 100 ohms 


per square, range of resistance is from 
50 ohms to 4 megohms. Temperature 
coefficient is +50 ppm per deg C; 
tolerances are to +1 per cent. Intellux, 
Inc., 30 So. Salsipuedes St., Santa Bar- 
bara, Calif. 


Circle 530 on Inquiry Cara 


TRANSISTOR HEAT 
DISSIPATOR 


For applications with the TO8-sized 
package, Model TXBP-050-037 dis- 
sipator is manufactured of beryllium 
copper with spring-finger construction. 
Accommodates case diameter variations 


from 0.480 to 0.510 in. Provides maxi- 
mum thermal contact with transistor 
case. TO8 retainers are screw-attaching 
type. Mounting can be single, multiple, 
or back-to-back attachment to printed 
circuit boards and heat sinks. Interna- 
tional Electronic Research Corp., 135 
W. Magnolia Blvd., Burbank, Calif. 
Circle 531 on Inquiry Card 
(Continued on page 196) 
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Mietalized Bond Now Over 15,000 PSI 


Advanced metalizing and brazing techniques at Coors now produce bond 
strengths better than 15,000 psi. Test parts, as shown above, are being considered 
for standard ceramic-to-metal test specimens by ASTM. These Coors test parts 
are run with each group of customer parts to guarantee specifications. Coors is 
presently metalizing and brazing parts of large mass and complex design, using 
these high strength techniques. For the newest techniques in high temperature, 
high strength ceramic-to-metal assemblies, write for Technical Data Sheet No. 
0500, ‘How Ceramic-To-Metal Seals Are Made”—or call your nearest Coors 


Regional Sales Manager: West Coast, William S. Smith, Jr., EM 6-8129, Redwood City, Calif.; 
Mipwest, John E. Marozeck, FR 2-7100, Chicago, [l.; CENTRAL, Donald Dobbins, GL 4-9638, Canton, Ohio; 
East Coast, John J. McManus, MA 7-3996, Manhasset, N.Y.; New ENGLAND, Warren G. McDonald, FR 4-0663, 
Schenectady, N.Y.; SouTHWEST, Kenneth R, Lundy, DA 7-5716, Dallas, Texas; SoutHwest, William H. Ramsey, 
UN 4-6369, Houston, Texas. 


ALUMINA CERAMICS 


Coors Porcelain Co., Golden, Colo. 
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DETAIL OF 
METALIZED AREAS 
ON TERMINAL 








TYPE MRR 


Miniature Reed Relays 


1,2,4 and 12-POLE ENCAPSULATED TYPES 


12 poles in a sturdy unit only 2-1/8” long 
(including leads) x 19/32” deep x 1-25/32” wide! ... 
1, 2 and 4-pole types similarly miniaturized . . . 
designed for reliable light load switching . . 
In-line terminals for 0.1” grid center mounting . . . 
Normal operate times less than 1 msec for 1-pole units . . . 
2.5 msec for 12-pole... 
Release less than 0.3 msec for all ... 
Write for Bulletin MRR-1 to: 
Struthers-Dunn, Inc., Pitman, New Jersey 


STRUTHERS-DUNN 


wt VVOrid’s Largest Assortment of Relay Types sqmeneeeeeeeee 
Sales Engineering offices in: Atianta . Boston - Buffalo » Charlotte « Chicago » Cincinnati » Cleveland 
Dallas » Dayton + Denver « Detroit « High Point . Kansas City « Los Angeles » Montreal .« New York 
Orlando « Pittsburgh » St. Louis » San Carlos » Seattle » Toronto » Export: Langguth-Olson Co., New York 
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ELECTRIC-MOTOR 
BRUSH HOLDERS 


Unit whose main body is made from 
silver-plated 6063 aluminum has three 
parts including coiled extension-band 


spring package. Brush life said to be 
doubled over brushes used with conven- 
tional holders. Howe Engineering Co., 
Inc., 5800 Massachusetts Ave., Indi- 
anapolis, Ind. 

Circle 532 on Inquiry Card 


HOLLOW-SHAFT 
DIFFERENTIALS 


Precision differentials are for use in 
computers and control instruments 
where mounting requirements are re- 
stricted. Clearance circles to 1 in. or 
less are provided, minimizing installa- 


tion space. Features central built-in 
clamping, backlash of 8 min or less, 
break-away torque of 0.3 oz-in. Differ- 
entials employ miniature ball bearings 
conforming to ABEC 7 tolerance re- 
quirements. With 0.1248, 0.1873 and 
0.2498 in. bores in narrow and stand- 
ard widths. Precision balanced and 
supplied with end gears made from 
flat blanks parallel within 0.0002 in. 
Instru-Lec Corp., 520 Homestead Ave., 
Mt. Vernon, N. Y. 

Circle 533 on Inquiry Card 


TERMINAL BLOCKS 

Self-locking, quick-disconnect “Klip- 
tite’ wire terminations on terminal 
blocks make six connections at each 
stage possible. The tabs accept female 
wire terminations either singly or in 
rolls for automatic machine assembly. 
Blocks are used in appliances, air-con- 
ditioning units and equipment manu- 


ELECTRO-TECHNOLOGY 





WIREMAKER FOR INDUSTRY 
SINCE 1902 CHICAGO 
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INDUSTRIES | 


3424 MILWAUKEE AVENUE | 
CHICAGO 41, ILLINOIS | 
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facturing applications. Terminations 
also available with toggle switches and 
convenience outlets. Kulka Electric 
Corp., 633-643 So. Fulton Ave., Mt. 
Vernon, N. Y. 

Circle 534 on Inquiry Card 


VACUUM CAPACITORS 

Series of ceramic capacitors combines 
advantages of vacuum dielectric with 
high-strength ceramic envelope. Vac- 
uum dielectric allows smaller units; 
dielectric loss is low. Problems of 
physical damage and mounting are 


minimized, since units utilize standard 
mounting rings. Units include variable 
capacitors to 1000 pf, peak test voltages 
to 30 kv. Fixed capacitors range to 1225 
pf, with peak voltages to 45 kv. Jen- 
nings Radio Mfg. Corp., P. O. Box 
1278, San Jose, Calif. 

Circle 535 on Inquiry Card 


PHOTOELECTRIC READER 


Model 200 Reader is for automatic 
control systems utilizing electronic cir- 
cuits activated by changes in reflected 
light. Range of reader, 1 in. to 10 ft. 
Nominal photocell bias is 20 volts d-c; 
photocell response time is 4 millisec. 
Counting rate is 300 counts per sec 
max. Unit weighs 12 oz including cable. 

(Continued on page 200) 








CAPTIVE TYPE 


CARBON BRUSH 
HOLDERS 


SUPPLEMENTING OUR REGULAR LINE 
for low-budget applications 
oJ 


WITH OR WITHOUT INSERTS 


YOUR PRINTS 
FOR QUOTATION 


€ 
TRIPLE ‘*M"’ ELECTRONENTS DIVISION 


for Electrical Applications 


123 Rotary Drive 
GURNEE. ILLINGIS 
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NUMBER 5S 


How to Achieve Permanence at Low Cost 
by K.H. Alverson, Product Standards Director 


Seldom is a high degree of permanence 
found associated with the characteristics 
of dielectric strength, rugged structural 
strength and arc resistance at such low 
cost as in Vulcanized Fibre. This per- 
manence and strength allows the engi- 
neer to use Vulcanized Fibre to replace 
more expensive plated or coated parts 
even where insulating or arc resisting 
properties are not required. 

The reason for Vulcanized Fibre’s 
agelessness lies in the chemical action 
of its production which arrests the 
natural tendency of cellulose to deteri- 
orate. This renders Vulcanized Fibre 
more stable than the hardest wood. 
(Corrosion, such as attacks metals, is 
completely precluded since Vulcanized 
Fibre has a non-mineral base. ) 

The permanence of Vulcanized Fibre 
in use is well illustrated by its applica- 
tion as insulation in transformers, 
switchgear, and circuit breakers. Parts 
such as corrugated duct spacers, arc 
chutes and barriers are’ subjected to 
terrific arc exposure and must maintain 
their form, strength and electrical prop- 
erties for years under continuous opera- 
tion in hot oil. Lightning arresters and 
high voltage fuses, made from Fibre 
tubing for protecting power line trans- 
formers, are still in service and opera- 
tion, in satisfactory condition, after 
more than twenty years of use. 

Industrial fuses with a fibre case and 
replaceable fuse link are one of the best 
known uses for Fibre tubing. If the fuse 
blows, the link is simply replaced and 
the fuse case used over and over again. 

Fibre grommets are used to form a 
permanent locked-in-place insulator in 
metal assemblies, such as clocks, motors, 
etc. They will not deteriorate and fall 
out as will rubber. Fibre grommets for 
such applications are approved by the 
Underwriters’ Laboratories. 

Fibre is non-corroding, unaffected by 
Oils, greases, solvents, etc. It withstands 
the pounding of heavy trains when used 
as track insulation under outdoor 
exposure. Easily formed into complex 
shapes for use in athletic equipment, 
welding helmets, etc., all of which must 
withstand harsh usage without failure. 


Trunk coverings, sample cases, fac- 
tory trucks and waste baskets have been 
made for years of Vulcanized Fibre to 
take advantage of the light weight, 
abrasion resistance and permanence of 
the material. 

Because of its many unique charac- 
teristics, Vulcanized Fibre offers a vir- 
tually endless variety of applications. 


OUTSIDE DIAMETER 


Spaulding Engineers who have been 
trained in Value Analysis can help you 
take advantage of the wide range of 
possibilities in designing to reduce costs 
through the use of Vulcanized Fibre 
parts. They also make available to you 
Spaulding’s extensive fabricating facili- 
ties and experience in working with 
this extraordinary material. 


While many materials deteriorate over the 
years, Vulcanized Fibre maintains its essential 
properties for decades. Note how the linen tag 
attached to Fibre tube samples in 1929 shows 
age, but Fibre tubes look and act as they 
did 32 years ago. 


20% RELATIVE HUMIDITY 


muiceinagasalmascesiayit 


1931 1932/1938] 1939 | 1944 {958 ~—*| 1981 


Long term test of fibre, which has been going on since 1929, shows that fibre still responds 
to wide humidity changes in the same way it did when test began. Predictable changes in 
dimension occur when fibre tubing is subjected to extremes of humidity. Tests such as these 
prove that there is no change in Vulcanized Fibre characteristics over long periods of time. 


Be sure to add this FREE Literature to your 
reference files. WRITE TODAY. 


New Value Analysis Brochure 
a detailed review of the 
Spaulding Value Analysis 
technique together with case 
histories of design improve- 
ment and cost reductions 
that have been accomplished 
through Spaulding’s Value 
Analysis of customer products. 


12 pages. 


Vulcanized Fibre Engineering Data — | 

a design reference book which comprehensively § 
covers all the application specs of 
Vulcanized Fibre. 10 pages. 


SPAULDING FIBRE COMPANY, INC. 


352 Wheeler Street - 
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New Merkle-Korff 
FHP Gear Motor 


SMALL, FLAT 
DURABLE, POTENT! 


Designed especially for the Original Equip- 
ment Manufacturer who needs up to 30 lb.-in. 
of torque in a compact, highly dependable 
f.h.p. unit—at extremely attractive quantity 
prices. 


The smallest “WF” unit is only 2-21/32” 
wide, 2-11/32” deep and 4-15/16” high. 
Depth varies according to motor stack and 
brake or fan if required. 


Precision’ cut spur gearing is used for long 
life, quiet operation and is housed in a pre- 
cision cast, non-ferrous gear case. Two phos- 
phor bronze bearings support the output 
shaft which can extend from either or both 
faces of the gear case. 


High starting torque, 100% to 120% of full 
load torque qualifies this Merkle-Korff unit 
for use where larger, more costly units have 
previously been required: Yending Machines, 
Chemical Feed Pumps, Office Equipment, 
Industrial Control Apparatus, Photographic 
Equipment and Rotisseries are typical 
application. 


Leads can be furnished 


Brake and/or fan can be 


furnished as required 


Ory Time ae ime d Det ed Toda) 

the size of motor and kind 

of accessories required for 
your application 


Internally ribbed precision 
cast gear case is rugged 
and rigid to assure 


accurate gear alignment 


Four holes are provided 
for easy mounting 


Output shaft can extend 
from either or both 
iT: (-SM-b meet tela E 
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BALANCED 
Lt) 


LEN 


Performance-Balanced — 
a Merkle-Korff exclusive 
feature designed to give 
you more dependability at 
the lowest possible cost. 


For complete details, 


MERKLE — KORFF 


write for Bulletin 2000. 


naga Cae 


_ GEARED MOTORS © 211 NORTH MORGAN STREET - CHICAGO 7, ILLINOIS » MOnroe 6-1900 
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Light source is standard 6.7-volt lamp. 
Special Products Div., Melpar, Inc., 


Falls Church, Va. 
Circle 536 on Inquiry Card 


POWER LINE FILTERS 


Model D-60 filters provide high level 
r-f suppression, are for use in industrial 
electrical equipment such as welders, 
induction heaters and_ transformers. 


Units are rated for 50 and 60 amp at 
250 volts a-c and 70 amp at 600 volts 
d-c. Suppression is to 100 db from 100 
ke to 45 kmec. McMillan Industrial 
Corp., Brownville Ave., Ipswich, Mass. 


Circle 537 on Inquiry Card 


SYNCHRO AMPLIFIER 
Model 802-A 400-cps buffer amplifier 


allows small synchro transmitter to 
drive many control transformers. Uti- 
lizes solid-state components, requires 
117-volt, 400-cps power. Delivers up 


‘ cy, 


to 8 watts; input and output is delta- 
connected. Due to high input imped- 
ance, loading on transmitter’s stator is 
negligible. Industrial Control Co., Cen- 
tral Ave. at Pinelawn, Farmingdale, 
iT 
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MINIATURE POWER RELAY 

Switching of heavy currents is pro- 
vided by a-c and d-c relay, designated 
Class 88D. Contacts are rated at 50 
amp SPST, NO or NC, double break 
with heavy duty silver-alloy points. 
Contact arms provide wiping action 
as contacts make and break. Armature 
hinge with stainless steel pin assures 


(Continued on page 205) 
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TRANSISTORS -— Shown here in magni- 
fication is a Mesa transistor with fine 
gold wire. Handy & Harman manufac- 
tures this whisker wire to exact toler- 
ances and highest purity standards. The 
cap is gold plated from Handy & Har- 
man fine. @@ ld anodes. Photo courtesy of 
Western Electric. 


“7 


LS ld 
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CAPACITOR CANS —These tantalum 
electrolytic capacitors are completely 
leaktight and highly resistant to corro- 
sion. The containers that are also used to 
seal the liquid and internals are drawn 
from Handy & Harman fine silver sheet. 
Photo courtesy of Fansteel Metallurgical 
Corporation, North Chicago, II. 


CAPACITORS — Flectrodes in these solid- 
state porcelain capacitors are formed 
from silver paste derived from Handy & 
Harman silver flake. Other types of 
capacitors for high-temperature appli- 
cations have lead wires of Handy & 
Harman Consil 998, a nickel-bearing 
alloy. Photo courtesy of Vitramon, Incor- 
porated, Bridgeport, Conn, 
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TRANSISTORS, CAPACITORS 
AND COME WHAT MAY 


... just a few of the jobs involving 
HANDY & HARMAN precious metals 


Handy & Harman’s effectiveness in supplying the semiconductor 
and related fields is based on long experience with precious metals, 
coupled with our interest and ability in working closely with 
designers, engineers and manufacturers in the electrical and elec- 
tronics industries, 
These few examples are indicative of our continuing and expand- 
ing activities in furnishing precious metals: gold and silver and 
their alloys in wire, strip and foil; silver powders, flake and paint; 
silver bimetals; silver sintered metals; anodes, etc. The “etc.” is 
our invitation to you to send us any questions you may have 
regarding the applicability of precious metals in your products or 
processes. 
Would you like further information on these and others of our 
precious-metals products? Our Technical Bulletins contain a wealth 
of information and are yours for the asking: 
Reb iis cess cess uvaves PEO OUver A-4.... Silver Conductive Coatings 
A-2......... Silver-Copper Alloys A-5..... Silver Powder and Flake 
A-3..,.. Silver-Magnesium-Nickel 25 .. Vacuum Tube Grade Brazing 
Alloys 


Your Ne. I Source of Supply and Autharity on Precious Metals 


HANDY & HARMAN 
General Offices: 850 Third Avenue, New York 22, N. Y. 


Offices and Plants: Bridgeport, Conn. * Chicago, Ill. * Cleveland, Ohio 
Dallas, Texas * Detroit, Mich. + Los Angeles, Calif. » Providence, R. I. 
Toronto, Ontario * Montreal, Quebec 
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You get MORE THAN A MOTOR with 


General Electric's Form G...for example... 


Versatility 
Personified 


That’s an apt description of General Electric’s 
Form G fhp motor if there ever was one. It’s the 
ability to modify, to adapt, to do things differently 
...to do them your way. 

Mount it horizontally, vertically, direct or belt 
drive ... whatever each of your products requires. 
You'll find in every case that General Electric’s 
Form G motor “can do.” 

In addition to versatility, you get these MORE 
THAN A MOTOR benefits with General Electric 
Form G motors: Years-ahead Design Leadership .. . 
Expert Application Aid ... Ease of Assembly ...On- 
time Delivery ... Fast, Local Service. 





THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATILITY——Both solid and 
resilient cradle bases permit rotation of Gen- 
eral Electric Form G motors within base to 
meet your design and space requirements. 


3. FAST VOLTAGE CHANGE—Sliding plates 
on terminal boards allow change from 115 to 
230 v operation (or vice versa) in one-fifth 
the time without confusion or error. 


5. ALL-ANGLE OPERATION—All-angle sleeve 
bearing and positive oil retention system allow 
you to mount standard Form G motors in any 
position. No need for costly specials. 


2. FAST ROTATION CHANGE—No need to 
specially order motors to meet your rotation 
requirements. Just interchange two motor 
leads; reverse shaft rotation in seconds. 


4. EASY, DIRECT MOUNTING—Mount Form 
Gs directly without expensive machining or 
brackets. Close end shield tolerances allow 
mounting of motor with simple through-bolts. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there's a standard Form G motor to meet 
your product's exact requirements. 


You get these added values at no extra cost. So 
why settle for less? Form G fhp motors are availa- 
ble in NEMA 48 and 56 frames. For more informa- 


tion, call your G-E Sales Engineer or write for bulle- 
tin GEA-6424 to Section 721-08, General Electric 
Co., Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





Solve your HEAT-TRANSFER 
Problems —Analytically— 


through proper Fin Design... Ley 


possibly with substantial 


savings in product cost 


All the technical data you'll need for mak- 
ing an extended-surface heat-flow analysis 
and for developing an optimum design 
are contained in the new ELecrro-TEcn- 


NoLocy design compendium—just off press: 


‘“Heat-Flow Theory and 
Extended Surfaces For 
Heat Transfer” 
This 72-page combined reprint brings to- 
gether in one handy reference volume the 
popular five-article fin-design series by 
Allan D. Kraus and other related articles 
by the same author. 

The analytical approach to _heat-ex- 
changer, extended-surface design presented 
in this compendium leads to far more 
efficient results than the usual handbook 
methods, which do not reveal the fre- 


a rF 
hi 
; 
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quently very real advantages of one fin 
shape over another, or the conditions under 
which the use of extended surfaces is im- 
practical. 

Heat-flow principles and _ relationships 
that are essential to fin design are presented 
in “Heat-Flow Theory,” which originally 
appeared in 1959 as an S&E insert (yellow 
pages) by the same author. These prin- 
ciples are also fundamental to all other 
thermal-factor design problems. A review 
of Bessel and gamma functions and re- 
currence relationships, necessary for heat- 
flow and many other design problems, is 
included in this reprint, together with func- 
tion tables. 


° Add 3% sales tax for 
Price ; $3.00 New York City delivery. 


eS ee a ee Ee ee eee eee 


Please send me a copy of the design compendium “Heat-Flow Theory 
and Extended Surfaces for Heat Transfer." (Check enclosed.) a ani: 


Name 





Company 


use the coupon at left 
or the handy Order Form 





Address 


I cestensiemniinen 


a ee aaa 


on page 149. 
Prices for quantity 
orders may be found on 
page 148. 
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low friction and stable adjustment. For 
6, 12, 24 and 115 volts. Overall dimen- 
sions are 1 13/16 x 1 17/32 x 1 7/16 
in., weight is 3 oz. Magnecraft Electric 
Co., 3350A W. Grand Ave., Chicago 51. 


Circle 539 on Inquiry Card 
CONSTANT-FORCE SPRINGS 


“Neg’ator” line now consists of Series 
H for high-force applications and Series 
L for low-force applications. These 
have minimum design lives of 2500 and 


Ld 
Qe of 


20,000 cycles, respectively. Spring load, 
from 0.23 to 40 lb; useful extension, 
from 12 to 42 in. Hunter Spring Co., 
1 Spring Ave., Lansdale, Pa. 
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CONDUCTIVE MOLDING 
COMPOUND 


“Diall 1610” is a granular compound 
that molds under pressures from 500 
to 2000 psi. Resistance, 0.4 ohm/cm; 
conductivity, 2.5 mhos/cm. Will with- 
stand temperature to 161 C. Compres- 
sion strength is 9000 psi, flexural 
strength is 6500 psi. Material cures in 
2 min, shrinkage is 0.003 to 0.005 in. 
per in. Mesa Plastics Co., 12270 Ne- 
braska Ave., Los Angeles 25. 


Circle 541 on Inquiry Card 


COOLING FAN 


Panel-mounted Model 1PB95W fan de- 
livers 550 cfm; is for use in electronic 
racks. Fan has totally enclosed 115- 
volt, 60-cps, shaded-pole motor. Ball 
bearings meet specification FF-B-171; 
lubrication meets MIL-G-3278 with 
temperature range of —68 to +93 C. 

(Continued on page 206) 
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= @to en 
ory speci- ; 
fications, Com- = ™ | tee * — ans 
maa: Arugged, high voltage 
insulated plug for a 
wide variety of ap- 
plications. 


NYLON BANANA 
JACK 
Molded nylon body 
provides voltage 
breakdown of 12,500 


NYLON BINDING 
POST 
Compact Cr ae ak 

nsuloted, pre 
fot tiway bindine 


post 


Voltage breakdowns 
up to 12,500 volts DC! 


CONNECTORS 


These rugged Johnson connectors 
are molded of tough, low-loss shock- 
proof nylon—and will not chip or 
crack, even when subjected to ex- 
treme temperature changes or severe 
mechanical stress. Nylon provides 
high voltage insulation, with voltage 
breakdowns up to 12,500 volts DC. 
Metal clad tip jack meets MIL spec- 
ifications (full specifications avail- DUAL BANANA PLUG 
able on request). All connectors are Extremely versatile—provides 
designed for fast, easy mounting— variety of application pos- 
and are available in 13 bright colors | Sibilities. Solderless, design— 
. . ough shock resistant nylon 
for coded applications. body retains strength and low- 
loss characteristics over a wide 


OTHER CONNECTORS—Johnson range of temperature and high 
also manufactures a complete line of relative humidity conditions. 
standard connectors in addition to the Available in 13 permanent 
nylon line described above. For com- colors. 

plete information, write for our newest 

components catalog shown below. 


Mew i is MAJOR 
. COMPONENT 
Write today for our newest electronic 


rs . LINES 
components catalog—complete specifications, 


engineering prints and current prices on: 
© CAPACITORS © TUBE SOCKETS ¢ CONNECTORS ¢ PILOT LIGHTS 
eINSULATORS e KNOBS, DIALS « INDUCTORS * HARDWARE 


2016 Tenth Avenue S.W. © Waseca, Minnesota 
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NEW 
TIME: DELAY 


a a job, this new Heinemann Type B Relay. | oad 


ts. Like totally enclosed contacts (for protection eahinat abitrok ) 


contamination and tampering). And a balanced armature (for im- 


shock -~ vibration resistance). And a smaller pole-piece (to reduce. 


< Heat, whe Tyee Ne sae Se oe Most 
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Motor has stainless steel shaft, corro- 
sion resistant and fungus protected. 
Propeller is deep pitch blade protected 
by nickel-chrome guard. Motor and 
propeller are vibration isolated. Mc- 
Lean Engineering Laboratories, Prince- 
ton, N. J. 
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TUNNEL DIODE 


Diodes made from GaSb are designated 
Types MS232, MS233 and MS234 and 
demonstrate low noise and good high- 
frequency properties. Temperature 
range is —55 to +100 C. Units feature 


cutoff frequencies in 2- to 4-kmce range; 
noise constants are 40 per cent less 
than germanium units. Peak currents 
are 1 and 3 ma with 10 per cent varia- 
tion. Typical peak-to-valley ratios are 
16:1 and 20:1; series inductance is 
0.3 nanohenries. Suitable for use in 
strip-line, coax or wave guide circuits. 
Micro State Electronics Corp., 152 
Floral Ave., Murray Hill, N. J. 

Circle 543 on Inquiry Card 


CIRCUIT BREAKERS 


Converters with circuit breakers pro- 
tect Model ST laboratory a-c to d-c 
converters. Breaker operates within 
10 psec, voltage does not exceed pre- 
set maximum voltage by more than 100 


Stitt oe 
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mv. Locking-type screwdriver adjust- 
ment on rear panel adjusts voltage 
level. In event of failure of protective 
circuitry, converter shuts off to pro- 
vide fail-safe protection. Converters in- 
clude 18, 36, 60 and 100-volt models 
which supply up to 35 amp. Mid-East- 
ern Electronics, Springfield, N. J. 
Circle 544 on Inquiry Card 


COMMUTATION SWITCH 


Miniature switch handles 180 channels 
of information, is for telemetry appli- 
cations in adverse environments. A 134 
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MASTER MULTIPLIER 


one thing in mind 
and very specific 

a very strong urge 
to be very prolitic 


In our humble opinion, Brer Rabbit's 
reputation as a multiplier is vastly 


overblown. Compared to Printmaster 


900 he's strictly single-track. Brother 
Rabbit can reproduce only himself. 
Printmaster 900 will process any dry 
diazo material up to 42” wide. In one 
pass. Without sticking. And at speeds 


Me 


up to 75 feet per minute. More: “900° 
offers a major advance in whiteprint- 
ing—new, sleeveless, scratch-proof 
developing, exclusive with Ozalid. No 
slip sheets. No sealing sleeve. Further, 
no costly electron tubes. And no— 
comptrollers please note—no heavy 
investment. All Ozalid Whiteprinters 
can be bought, leased or rented without 
tying up capital. Like the full, dollar- 
saving story on “900*? Write today. 
Printmaster 900. 8/g reproducer at top speed. 
Heavy duty, dry developing whiteprinter. 
Height: 704%”; Width: 84%”; Depth: 46%”. 
Simple, dependable, economical. 


Remember: for best results from Ozalid 
Whiteprinters use Ozalid Paper and Ozalid 


Supplies 


..we repeat; use Ozalid Paper and 


Ozalid Supplies. 


wae - - - ~~~ - +--+ -- +5 


OZALID 


WE REPEAT 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 


Mr. James A. Travis, Mgr. Marketing 

Ozalid, Dept 9, Johnson City, N. Y. 

Please send more information on cost-cutting 
Printmaster 900 


Name 


Addres 
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creed OA Ome LIL6 
electrical temperature 
applications 


@ Nowis the time to investigate 
the Star family of steatite and 
technical ceramics for your most 
critical electronic and electrical 
temperature applications. Con- 
sider these Star advantages: 
Wide range of materials . . 
closer tolerances as required 
. . . better quality materials 
. .. customer engineering assis- 
tance .. . promised deliveries. 
Like to know more about Star 
service? Write today. We’ll be 
happy to work with you. 


List: 
Porcelain Company 


> 
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in. plate made of ceramoplastic has 
hardened gold-plated contacts, oper- 


| ates in temperatures to 650 F. The 
| switch can be driven at speeds to 1800 


rpm. Noise level is less than 1 mv 


| when 5-volt signals are switched into 
| 150-ohm load. Other switch units offer 


to 540 channels. Mycalex Electronics 
Corp., 125 Clifton Blvd., Clifton, N. J. 
Circle 545 on Inquiry Card 


| CONTROL SWITCHES 


Compact grounded outlet and two 


| switches are for applications requir- 


ing convenient outlet and switches 
combined in single package. For snap- 
in panel mounting and simplified wir- 
ing. One switch can be used for light 


| control, one as dummy or circuit con- | 
| trol. Switches rated at 2 amp, 115 
volts a-c, outlet rated at 15 amp, 115 | 
volts a-c. Switches provide push-on, | 


push-off action. Molex Products Corp., 
9515 Southview Ave., Brookfield, III. 
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CHASSIS SLIDE 


“Universal Chassis Slide” provides for 
detent assembly, tilt or non-tilt assem- 
bly and front or back mounting. 
Lengths range from 10 to 24 in. Dry 
lubrication retards abrasion and cor- 
rosion. Detent facilitates control when 
manipulating chassis locks in any of 








GENERAL INDUSTRIES 


SMOOTH 
POWER 


AC MOTORS 


Assure plus performance 
for your products 


GEAR REDUCTION 
MODEL 


Designed for 
low speed, 
high torque 
applications. 
Molded nylon 
gears ina 
sealed 
housing 
insure 
extremely 
quiet running 
plus rugged 
dependability. 


GENERAL SPECIFICATIONS 
MODEL 205 


| Tintermittent [ Continuous 
SPEED | 13RPM | I3RPM 
froRQUE | 150;in./oz._| 100 in./oz, 
AMPS, No Load | 25 | 125 
26 


WATTS, No Load 
REVERSIBLE No 
CONDENSER 
MODEL 308 
Intermittent | Continuous 


75 in./oz. 
0.4 








Above data based on 24 volts — Intermittent 
Duty 3 minutes on and 5 off. Both models can 
also be supplied for 115 volts—60 cycles. 


MOTORS FOR ALL 
TYPES OF 
APPLICATIONS 


1/1800 to 1/35 H.P. 


See Our Catalog in 


SWEETS 
7a-Gen 


8 


or write for copy 


Quantity Price Quotation 
. On Request 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GL * ELYRIA, OHIO 
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5-WIRE APPLIANCE CORD WITH CORD-GRIP 


Don’t make another ungrounded appliance! Safety 
suggests it—UL increasingly demands it. Here’s 
how Cornish helped one manufacturer. It’s a 15-amp, 

115-volt, 3 conductor cord with molded-on cord-grip, 
to keep the cord from dangling when not in use. Cornish 
can also furnish an adapter for using the 3-pole plug in 
a 2-pole outlet. Bring any appliance cord problem to 
Cornish. Often, you'll find a cordset in our line that’s 
just right. Otherwise—our Development Engineers make 
it a habit to work out a cordset powered for you... 

Styled for you. Cornish Engineers are always ready 

to work with you. Why not get in touch with 
us soon? Cornish Wire Co., 50 Church 
Street, New York 7, New York. 
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AGASTAT* 
MODULAR 
DESIGN 


solid state “custom” specs 
with standard circuitry 


New AGASTAT solid state time/delay/relays offer you greater reliability, 
wider timing ranges, and more design flexibility than has ever been avail- 
able before in solid state relays. The unique “modular sandwich” construc- 
tion simplifies production, speeds delivery of custom-made units. 

Modular design makes possible the dependability of standardized circuit 
elements. Highest grade matched semiconductor components form the 
basis for reliability in these pre-assembled, pre-tested modules. 

Choose from six basic circuit options for the range and operating type 
you need ...0.01 sec. to 10-hour delays, on pull-in or drop-out. All units 
are only 1%¢-in. sq. at base, weigh 3 to 5 0z., operate from 18 to 32 vdc, and 
handle loads up to 5 amperes. They are unaffected by polarity reversals, 
immune to voltage variations and transient spikes. Available with plug-in 
or solder lug terminals. 

The solid state AGASTAT relay is a product of over 30 years’ time delay 
relay experience, your assurance of performance to match the promise. For 


full technical information or applications assistance write Dept. $5-611. 


TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION @ ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA, LTD., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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seven positions. Pushbutton release 
permits chassis removal. Safety feature 
device locks chassis into position when 
moved into cabinet; stop device pre- 
vents accidental removal of chassis. 
Metal-Craft, Inc., 34 Burgess PI., 
Wayne, N.J. 
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TRANSISTOR SOCKET 


Socket and integral heat dissipator 
measures 9/16 in. in diam by 9/16 in. 
high, provides raaximum thermal con- 
tact between sink and transistor. Dis- 


0 @ 


sipator is soldered to printed circuit 
board before transistor is plugged in, 
reducing heat to transistor during 
soldering. Unit can be mounted to 
larger sinks by means of 4-40 screw. 
Aluminum surfaces are treated to pro- 
vide electrical insulation to transistor. 
Terminals are pin, turret or solder pot. 
Omega Precision, Inc., 757 No. Coney 
Ave., Azusa, Calif. 

Circle 548 on Inquiry Card 


MINIATURE LAMP 


Series of lamps, known as “Micro 
Lamps”, operates on 1.2 or 1.5 volts, 
drawing as little as 5 ma. Low current 
drain makes lamps useful for operation 
by miniature batteries, or with trans- 


istor circuitry. Envelope has 0.0139- 
in. diam, length is 0.138 in. Light out- 
put is to 45 millilumens; rated life is 
1000 hr min. Five different lamps are 
available; changes in size, voltage or 
current drain can be made to suit 
specific requirements. Miniature Lamp 
Engineering Co., 350 Broadway, New 
York 13. 
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NON-INDUCTIVE 
POWER RESISTORS 


Line of Series N precision power re- 
sistors is supplied in ten physical sizes 
ranging from % to 10 watts. With 
axial (Series N) or radial (Series NR) 
leads, resistance range is from 1 to 
40,000 ohms, with tolerances from 
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Horsepower 
Motors 


8 9 


Lamb Helps You Select 
The Right Vacuum Cleaner Motor 


9/16 HP, 5-11/16” fan case diameter 


18-14750 
thru 
ventilated 
APPLICATION: Do- 
mestic portable 

cleaners. 
1$-14809 
by-pass 
ventilated 
APPLICATION: Wet 
pick-up portable 
Service Life: Moderate Cleaners and 


Cost: Low central cleaning 
Bulletins 101 & 201 systems. 


NEW 


1 HP, 7-3/16” fan case diameter 


APPLICATION: Central vacuum systems in 
particular, also portable commercial 
wet and dry cleaners. 


1S-15100 
Diffused 
air 
discharge 
1S-15110 
Single air 
discharge 


Service Life: Moderate 


Cost: About twice cost of 9/16 HP 
Bulletins 251 & 252 


7/8 HP, 7-1/2” fan case diameter 


APPLICATION: Portable Heavy Duty Com- 
mercial Cleaners and Central Systems 


60 CYCLES 
TS—60 CYCLES 


1S-14786 
2-Stage 


1S-14787 


Service Life: Long 
Cost: About 3 times cost of 9/16 HP 
Bulletin 301 


1S-15100 (Diffuser Discharge) 


1S-15110 (Single Air Discharge) 


Special Requirements of Central Vacuum Systems 
Met by New High Performance Motor 


Existing vacuum motors have been 
designed to perform best when in- 
corporated into portable vacuum 
cleaners of standard types and sizes. 
Such motors are built to produce 
highest efficiency under air flow con- 
ditions that exist in normal domes- 
tic and industrial cleaning service 
and where hoses are of normal length 
and diameter. 


On special applications, like central 
vacuum cleaning systems that utilize 
extremely long cleaning hoses, and 
where tubing losses are present, a 
special motor is required. To meet 
this need, Lamb now offers a vacuum 
motor which will maintain a rela- 
tively high vacuum with a modest 
amount of air flow. The result: these 
motors operate at high efficiency in 
the high vacuum range without sacri- 
ficing air flow performance under 
low vacuum conditions. 


INPUT — 10 AMPERES at 
115 VOLTS 


For economical, cleaner design, this 
rating at Underwriters’ test point 
was selected as the input limit. This 
allows use of line cord not exceeding 
number 16 type SJ and control 
switches of 10 ampere rating. 


NEW TAPERED BLADE DESIGN 


On central systems which employ 
centrifugal dirt separation, a small 
amount of fine dirt and lint must pass 
through the fan and is discharged 
outside of the building. For maxi- 
mum efficiency, this type of fan 
blade is designed with a long back- 
ward curving sweep which, however, 
may accumulate fine dirt due to cen- 
trifugal action. This dirt builds up 
to a point where starting acceleration 
dislodges dirt from one blade, result- 
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ing in unbalance, noise, and vibra- 
tion. Special steep angle blades have 
been used but they also have serious 
performance limitations. 


Lamb research has developed a mod- 
erately steep blade angle plus a 
tapered form. The result is a compro- 
mise that yields excellent perform- 
ance and all but eliminates the dirt 
loading problem. 


CHOICE OF AIR 
DISCHARGE SYSTEMS 


Lint accumulation is minimized and 
high vacuum is improved in the 
IS-15110 with a single tangential 
discharge pipe. This allows for easy 
connection to a discharge piping 
system, if desired. 

The IS-15100, by discharging air 
through slots in the fan case, results 
in better noise suppression. 


FAN-END BEARING IS 
PROTECTED BY AIR COOLING 


Motors in central vacuum systems 
are often required to operate for long 
periods of time under sealed condi- 
tions — which results in a high tem- 
perature rise in the fan system. In 
ordinary by-pass type motors, the 
electrical parts have a separate cool- 
ing system, but bearings in the ad- 
jacent fan case often become hot 
enough to destroy the lubricant. 
Early failures can and do result. 
Lamb’s new motor prevents this by 
providing a unique ventilating sys- 
tem which directs cooling air over 
the fan-end bearing and protects the 
motor from harmful heat built-up 
within the fan case. For complete 
details, write to Lamb Electric Com- 
pany, Kent, Ohio — ask for bulletins 
shown at left. Also available — explo- 
sion-proof model. Ask for bulletin 401. 





ROYAL“POWRIZED” CORDS 


Your tools, appliances, and other electrical equipment will look better, 
work better, sell better . . . with Royal-designed power supply cords, 
complete and exact to your specs in every detail. In black or colors to 
match your product styling. Trade marked or name branded. In rubber, 
neoprene, vinyl or braided jackets — with molded-on caps, connectors, 
strain reliefs, special attachments — dimensioned for fast, low-cost 
assembly to your product. Remember, too, we’ve a big toolroom of stock 
molds to cut or eliminate design time and tooling costs. Prompt deliveries. 


ROYAL ELECTRIC CORPORATION * PAWTUCKET, RHODE ISLAND 
WRITE FOR Engineering Catalog No. 5-59 
Or Ask to Have Our Representative Call 
in California: Electric Cords & Supply Corp. 
413 East 3rd St., Los Angeles 13 
In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 
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+0.05 to +5 per cent. Units operate in 
temperatures to 350 C, are impervious 
to the effects of abrasion, salt spray 
or humidity in accordance with MIL-R- 
26. Omtronics Mfg. Inc., P.O. Box 
1419, Peony Pk. Station, Omaha 14, 
Nebr. 
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SOLENOID-RELEASE 
SWITCHLIGHT 


Solenoid-release units operate as push- 
on, push-off switches with electrical re- 
lease from remote position. Built-in coil 
is not continuously energized. Contact 
arrangements up to 4PST and DPDT. 


Switch is rated 28 volts d-c, 125 volts 
a-c to 2 amp resistive. Coils are for 
6, 12 and 28 volts. Lamp circuit is 
independent, uses T134 lamps. Pendar, 
Inc., 14744 Arminta St., Van Nuys, 
Calif. 
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SELF-LOCKING NUT 


Light-weight stainless-steel self-clinch- 
ing fastener is for installation in sheets 
of 0.040 in. and greater thicknesses. 
Device is self-locking, flush on reverse 


side of sheet. Suitable for temperatures 
to 800 F, for use in materials with 
Rockwell hardness B-75 or less. Class 
3-B threads are coated with dry film 
lubricant. Available sizes are 4-40 to 
10-32. Penn Engineering & Mfg. Corp., 
Doylestown, Pa. 
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ANALOG-DIGITAL CONVERTER 


A digital display for Model M3 “Mul- 
tiverter”, an analog-to-digital converter, 
provides illuminated display of three 
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NOW CURES TN 
2 HOURS - CAN 
EVEN USE +l 


NOW CURES FAST AT ROOM TEMPERATUS 
(OR 2 HOURS WITH NEAT) 


A clear, solventlegs liquid, General 
clear LTV-602* cies at 75- 80°C 
a resilient compound £ ent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards. 


*Low Temperature Vulcanizing 


E 


General Electric clear Li silicone compound 
for potting and embedding 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of elec tronic Q . phike el-like” 


LAMP! 


LTV-602 is the newest addition to the broad line of 
which also include the RTV silicone rubbers. 
Company, Silicone Products Department, Section 


Romanian 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into oan and cure. Pot life, with catalyst 

may be 
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Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
zing at 175°C. Other tests confirm LTV’s 
eto moisture and water immersion. 


For more information) write to "General Electric..-, ¢ 4 
THA AN 
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Friden makes a 
desk calculator that 
does this automatically 


x 


0 


9 
v 
a 


¥ 


The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key. 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick) as entering the radicand, fixing 
the decimal point, reading the answer. 


PRO Ree 7 
eeeaeeeeee? 


Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 


Call your local Friden Representative for a no-obligation, ten-minute 
demonstration. Or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. © 196: rmiven, ne. 


SALES. SERVICE AND INSTRUCTION 
THROUGHOUT THE U.S. AND WORLD 
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decimal digits plus sign. Unit features 
good reliability owing to solid-state de- 
sign and low component count. Ac- 
curacy of conversion is 0.05 per cent 
+1 least significant bit with operat- 
ing rate of 8000 conversions per sec 
for decimal output. As a 13-bit model, 
the unit is offered for analog inputs 
from +1 to +100 volts. Packard Bell 
Computer Corp., 1905 Armacost Ave., 
Los Angeles 25. 


ph 
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DECADE COUNTER 


Model F1601 miniature counter fea- 
tures in-plane display, operates on 12 
volts. With red, blue, green, amber, or 
gray display, construction is modular; 
incorporates flexible cable with printed- 
circuit or Amphenol connector. Fre- 


quency response is 200 ke with less 
than 5 psec pulse resolution; electrical 
reset is to zero; output drives similar 
decades. Power requirements are 12 
volts at 100 ma. Dimensions are 1 7/16 
x 2144 x 44 in. Weighs 6 oz. Robotomics 
Enterprises, Inc., 4624 E. Garfield, 
Phoenix 8, Ariz. 
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COAXIAL SWITCH 


Model 201 wide-band switch provides 
SPDT action over frequency range of 
0.1 to 400 mc with switching speed of 
50 nanosec. At 200 mc, open-circuit 
attenuation is greater than 55 db, in- 
sertion loss less than 1 db. Device 
measures 34 x 134 x 334 in., weighs 

(Continued on page 217) 
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New low-cost Transient Control 
makes silicon rectifiers reliable 
voltage spikes 


by clipping 


The new Ledex Transient Control guaran- 
tees positive dependability of 200 PIV 
silicon rectifiers. It’s a non-polarized de- 
vice that automatically clips voltage spikes 
by providing a low resistance shunt for 
all potentials above 200 volts—on the AC 
or DC side. It draws no current in normal 
operation. 


As shown in the actual scope shots 
above, the control will repeatedly clip 
transients or reverse voltages to a safe 
level of 200. To the design engineer, it is 
a guarantee that the maximum voltage will 
go no higher than 200. Compact, light, 
and economical, the new development 
puts low-cost 200 PIV diodes in a re- 
liability class of their own. 


While the device is mainly intended for 
protection of 115 VAC silicon rectifier 
circuits, it can also be designed to clip 
spikes and protect other semi-conductor 
circuits at lower or higher control voltages. 


NOVEMBER 1961 


(1 NEW LEDEX TRANSIENT CON- 
TROL is small (34” dia. by 1%” 
long), lightweight (24 oz.) low cost 
($1.60 to $2.05 in small quantities). 
Part No. A-46800-001 has 200 volt 
control and 2” leads. 


ee 
Roa 


ae) 


[1] NEW LEDEX SILICON BRIDGE 
RECTIFIER is protected by a built-in 
Ledex Transient Control. Voltage 
spikes are automatically clipped at 
200. The rectifier is sealed in epoxy 
resin and meets the general require- 
ments of MIL-E-5400 on insulation, 
terminals, vibration, shock, sand and 
dust, fungus and salt atmosphere. 
Operating temperature is —65°C to 
+120°C. Part No. A-46501-001 is 
rated as follows: 115 volt AC input, 
100 volt DC output, maximum surge 
50 amp for 8 msec. $6.80 to $8.15 
in small quantities. 
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[] VALUE ANALYSIS RECTIFIER 
TRANSIENT CONTROL KIT con- 
sists of Transient Control, Silicon 
Rectifier with built-in Control and 
outline for evaluation tests to com- 
pare costs and reliability with your 
present circuits. Part No. A-47609- 
001. $11.00 per kit. 


Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications. 


FOR LITERATURE, clip this ad, 
check boxes above, attach to your 
letterhead and mail to Ledex Inc., 
Dayton 2, Ohio; Marsland Engineer- 
ing, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; 
AEMGP, 115 Ave. Clement, Bou- 


logne, France. 
#% PAT. PENDING 
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PoeCUCUPO RPP ESED ESSE SU EEES: 


New SOLA "CVDR" d-c supply simplifies 
missile-age circuit design, reduces costs. 


It’s a natural for computers, communications equipment, and 
Similarly sophisticated electronic gear. Made for today's 
stringent operating parameters. Ends costly dependence on 
over-engineered d-c power sources. 


CVDR provides both line 
and load regulation without 
tubes or transistors. Line 
regulation +1%, for +15% 
line voltage changes; 1% 
load regulation from zero to 
full load; 1% peak to peak 
ripple. Fits 19" relay 
racks, and measures only 34" 
high. Custom configurations 
and power ratings available 
on special order. 


Line voltage stabilization is by means of the Sola "CV" 
self-regulating transformer. Load voltage stabilization is 
accomplished by the series "IX" voltage drop in the satu- 
rable reactor (see schematic). This voltage drop is con- 
trolled by the load current itself. 


CVDR is ready right now, off-the-shelf, in units rated 6- 
volts, 10-amps .. .and12, 18 or 24 volts, 5-amps. For out- 
standing reliability in a-c and d-c power supplies tailored 
to every application, see your SOLA representative ... or 
write to address below. 


SOLA ELECTRIC CO., 1717 Busse Road, Elk Grov 
Village, Nl., HEmpstead 9-2800 


IN CANADA, Sola-Basic Products Ltd., 377 Evans Ave. 
Toronto 18, Ontario 


* 
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For all your a-c and d-c power 


supply requirements or 
special engineering, contact 
SOLA electric: 


© Constant voltage a-c ... 


Sola Type-CVN transformers as- 
sure stable output despite vary- 
ing line voltage . . . have nothing 
renewable to service or adjust. 


@ Constant voltage 
sinusoidal a-c ... 


CVS transformers provide regu- 
lation similar to CVN, plus sinu- 
soidal waveform. comparable to 
good commercial a-c. Ideal for 
control circuits and all harmon- 
ic-sensitive devices. 


@ Line-regulated d-c ... 


Sola CVDC d-c power supplies 
automatically compensate for 
fluctuating line voltage, are un- 
usually rugged and trouble free. 
Choice includes fixed or adjust- 
able output. 


@ Line- and load-regulated d-c... 


Another notable ‘‘first’’ in Sola’s 
missile-age family of compact, 
precision d-c supplies: Unique, 
CVQ shunt-type, transistorized 
voltage stabilization extends 
right to the last transient and 


ripple. 


@ Inquiries are invited on other 
electrical characteristics and 
mechanical arrangements, as 
well as for estimates and quota- 
tions. Contact your SOLA repre- 
sentative, or write direct. 
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less than 214 oz. Temperature range is 
—65 to +70 C. VSWR is 1.1, r-f power 
ranges from 20 to 200 mw. Isolation 
from 0.1 to 10 me is greater than 80 
db; at 10 to 200 mc, more than 60 db. 
Insertion loss from 0.1 to 10 mc is less 
than 2.8 db; at 10 to 100 me, less than 
2.0 db. Sanders Associates, Inc., 95 
Canal St., Nashua, N. H. 
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COAXIAL CIRCULATOR 


Line of 4-port C-800 Series circulators 
are miniature broadband units offering 
temperature-stable performance. Isola- 
tion is 20 db min, insertion loss is 0.4 


db max, and VSWR is 1.25:1. Illus- 
trated Model CC-803 is for frequency 
band from 4.4 to 5.6 kme, has a built- 
in 2-watt termination on fourth port. 
As load isolator, over 40 db of isolation 
is obtained. Six units are available in 
frequency band from 1.5 to 6.7 kme. 
Rantec Corp., Calabasas, Calif. 
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SERVO AMPLIFIER 


Solid-state 400-cps amplifier, Model 
1160-4, is a companion unit for Size 
1] servo motors having a 57/115 volt 
control phase. Signal input required is 
less than 0.1 pamp per volt output. 
Adaptable to current-summing circuits 


or with input capacitor to provide high- 
impedance input. Unit with power-out- 
put stage and gain control is mounted 
on printed-circuit card measuring 45% 
x 3% in. Damping is produced by 
passing output transistor d-c current 
through motor control phase. Magnetic 
Instruments Co., Inc., Thornwood, N. Y. 
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TANTALUM CAPACITORS 


Series of 125 C sintered-anode tantalum 
capacitors withstands military shock 
and vibration requirements. Three case 
sizes are furnished. In smallest size 


~~ 
& 


WHEN QUALITY \ 


IS A MUST 


Stromberg-Carlson® 


TELEPHONE-TYPE 
COMPONENTS 


RELAYS: Wide range, for electro- 
mechanical switching. Send for 
Bulletin T-5000R2. 


KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 


Pd 


STEPPING SWITCHES. Fast and de- 
pendable. Bulletin T-5001R. 


== 


JACKS & PLUGS: For many electri- 
cal and electronic uses. Send for 
Bulletin T-5003. 


TELEPHGNE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5017-R. 


| / For bulletins and more information 
~ contact the nearest Sales Branch 
4 office: Atlanta—750 Ponce de Leon 
Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 
Grand Avenue; Rochester—1040 
University Avenue; San Francisco— 

1805 Rollins Road. 


GENERAL DYNANICS 
TELECOMMUNICATION 
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FAST DELIVERY... 
on a Wide Range 
of Special and 
Standard 

Timing Controls 


Now, choose the right timer for any 
control requirement from Zenith’s 
versatile line. Save time and avoid 
delay. Get prompt engineering and 
delivery on specials . . . immediate 
delivery on standard controls. 


DEPENDABLE —Take advantage of 
Zenith’s experience in engineering 
and manufacturing quality con- 
trols and timing devices for over 
35 years. 


e Program Clocks 

e Time Switches 

e Interval Timers 

e Time Delay Timers 

e Automatic Reset Timers 
© Multi-Circuit Cycle Timers 
e Percentage Timers 

e Impulse Timers 


Our Bulletin A-17 also includes 


® Automatic transfer switches engi- 
neered to assure continuity of power 


® Magnetic contactors ruggedly de- 
signed for reliable power switching 


Write for your copy 

of Bulletin A-17 

today. See classified 

phone directory under bids 
Electrical Equipment for Pa 
local representative. 





ratings range from 30 pf at 4 volts to 
1.7 pf at 85 volts. Middle case size 
offers range from 140 yf at 4 volts to 
9 wf at 85 volts; largest, 320 pf at 4 
volts to 25 pf at 85 volts. All units 
are available in +10 and +15, —20 
per cent tolerances. Sprague Electric 
Co., 307 Marshall St., North Adams, 
Mass. 
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RECEPTACLE JACK 


Printed-circuit jack Model SKT-111- 
PC features a TFE-fluorocarbon body 
and spin-over mounting. Jack is 0.381 
in. high before spin-over of mounting 


stud. Accepts standard 0.080-in. diam 
probe. Overall diameter of the body is 
0.218 in. Mounting is rigid and elec- 
trically sure since printed circuit board 
is compressed between metal shoulder 
and spin-over. Selectro Corp., 139 Hoyt 
St., Mamaroneck, N. Y. 
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SELENIUM RECTIFIER 


High-density rectifier Mark V is for 
low-voltage, high-current applications 
such as battery chargers and welding 
equipment. Cell sizes are from 1 x 1 in. 
to 12 x 16 in. in 26 and 33 volts rms. 
Current ratings are from 0.46 amp to 
379.2 amp at maximum ambient temp- 
erature of 40 C. In force-cooled appli- 
cations, current outputs are to 948 amp. 
For three-phase double-wye 54-amp ap- 
plications, a standard stack with 5 in. 

(Continued on page 220) 


i152 WEST WALTON STREET * CHICAGO 10, ILLINOIS 
Telephone: Michigan 2-3322 * Cable Zenelec 
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In all phases of planning for high-alumina 
ceramic-to-metal seals you can rely on Alite for the 
“know-how” and “do-how” required to produce highest 
quality for critical applications. 


From design to finished part, every manufacturing step 
— including formulating, firing, metalizing and 
testing — is handled within our own plant and 
INSIDE LOOK AT ALITE— carefully supervised to assure strict adherence to 
specifications, utmost uniformity and reliability. 


ALITE HIGH ALUMINA . > ans ¢ . 
Write today for Bulletin To simplify design problems and speed delivery, 
A-40R—Full technical dat ' : 
ee te Alite terminals, feed-throughs and cable end seals are 
on standard and special 
Alite ceramic-to-metal available in over 100 standard sizes. 


seals. 
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Most Adaptable and Fffective sq cells is available. Semiconductor 
For COMPUTERS, DATA PROCESSING, a. Sa 
ircle 560 on Inquiry Card 
AUTOMATION, INSTRUMENTATION 
and MINIATURIZATION NYLON INSERT CLAMP 


@ | Nylon clamps are available in 4%, %4, 
and 3/16 in. shaft sizes. Eighty-five 
types cover balanced, unbalanced, gear, 


hinged, pull and swivel clamps. Units 
FOR USE AS SINGLE INDICATOR LIGHTS, OR GROUPED AS A 
DATA STRIP ox: DATA MATRIX? Se ¢ 





DATALITES by DIALCO are ultra-miniature Indicator Lights, made 
in 2 basic styles: Lampholders with DIALCO’s own replaceable 


Lamp Cartridges; or integrated DATALITES with Built-in Neon 


Lamps* ...Mount in ¥” clearance hole...LAMPS USED: ey 
T-134 Incandescent; also Neon NE-2E or NE-2H. 3 S 


Lamp | (ow Cotte —> Lamp- 


J — [ om gee Thaler 

a coos 1/2 — 
actual size % ae are manufactured to tolerance of 0.001 
DATA STRIP wo. osv-7538-10 y in. Clamps produce uniform pressure, 
Vertical ... complete with ten ss = 
ee sa fat ens ae tg prevent marring of shafts and hub. 
Other configuiations to order Sterling Precision Corp., 5 Sintsink Dr., 
Shown actus! size, an 3 Pan Pt. Washington, L. IL, N. Y. 
Lamp Cartridges—Nos . . 
e531. 38931. Lampholder No Circle 561 on Inquiry Card 
7538... Datalite No. 249-7841-931 
with built-in Neon Lamp and resistor. # 


Write for Brochure L-160B. Wk TAPE PERFORATOR 
Low-speed perforator Model LP-2 oper- 


& —— ates at punching speeds to 120 codes 

= wae DIALIGHT per sec. Reluctance pickup is mounted 

PILOT LIGHTS EE internally to punch, eliminates field ad- 

“The Eyes of : CORPORATION justment. Straight-line input permits 
Your Equipment” 


44 STEWART AVENUE, BROOKLYN 37, NY. + HYacinth 7-7600 introduction of an additional punch 
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we 


NY 
SUPER-SENSITIVE 
Proximity Switch 
or Tte ul haa 


containing high-speed print station ad- 
jacent to punch and die assembly. 
Print station prints 64 different sym- 
bols at rate of 100 characters per sec 
with printing positioned above sprocket 
holes. Splash bath lubrication is used 

S 0 % ts 8 EAT & ae RA f& G E for punching mechanism, pressure lub- 
rication for feed mechanism. Soroban 

when operated with any standard Electro sensing head —o Inc., Box 1717, Mel- 
bourne, Fla. 

Actuated by non-magnetic and magnetic metals with Electro’s Circle 562 on Inquiry Card 

exclusive “no-touch” circuit for detection or controlling electrical 

or mechanical devices in production or processing operations. PIEZOELECTRIC LINEAR 

ACCELEROMETER 


Model AK105 accelerometer features 
high natural-frequency characteristics, 
small size and rugged construction. Em- 
ploys sensitive piezoelectric element 
y . Write for... f liabl d t 
Frere Bulletin 4955-361 and Detailed Catalog EDPS-80 . ii lable an aes € measurements 
> = thy Evectro Prooucts LABORATORIES, 4501-m Ravenswood, Chicago 40| ©f linear accelerations. Encased in 
qe hiesitie ‘ailesciainetta Gili stainless steel, operates over tempera- 
pos” Proximity Switches * Magnetic Pickups * Tachometers * DC Power Supplies ture range of —65 to +250 F. Natural 
* 249| frequency is approx 30 kc. Sensitivity 


(Continued on page 223) 


Up to 60’ of cable can be used with any standard Electro sensing 
head. Double voltage regulation insures proximity switch stabil- 
ity. The 4955D Control Amplifier is available with or without JIC 
enclosure. 
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MUCH SMALLER... 


SPACE SAVINGS 
WITH SIZE 2 


But—there’s much more of 
EVERY OTHER USEFUL FEATURE 


Hard to believe —but it’s true! The new Allen-Bradley line of Bulletin SPACE SAVINGS 

709 starters cut mounting space substantially —especially above the 

Size 1 rating —but all ratings also offer a substantial increase in inter- “ 

rupting capacity, long life, and trouble free operation. BULLETIN 709 LINE* 
Actually, everything about Bulletin 709 motor starters is new— 

except the famous A-B simple solenoid principle of operation. The 

magnet, the contacts, the coil, the overload relays all have been rede- 

signed and vastly improved. There’s an entire new line of enclosures, 

too, into which Brooks Stevens has designed a family likeness and an 

“eye appeal” that is an added value to all buyers of control, especially 

where the control is resold. 


with New 


Let us give you some other important facts about these new starters, 
which include reversing starters, multi-speed starters, combination 
starters, etc. Please write for Publication 6100: Allen-Bradley Co., 
1316 South Second Street, Milwaukee 4, Wisconsin. 


ALLEN -BRADLEY | ettzZ:cmme 


Member of NEMA 





The Superior “Quality” of the New 
Allen-Bradley Starters 


GREW OUT OF DESTRUCTIVE TESTS | 










Tests which subject 
starters to far more 
severe conditions than 
heavy-duty service are 
-“routine’” at Allen-Bradley 
and provide data for 
improved starter design 


There was no question about the “quality” of the old Bulletin 
709 starters but—the new line is far superior. With their 
built-in “extra” interrupting capacity, each rating of the 
revolutionary new Allen-Bradley motor starters can operate 
with ease at maximum rated capacity for prolonged periods 
—and still have more than ample reserve for emergency 
conditions. The new, totally enclosed arc hoods are hot 
molded of a material having unusual arc quenching properties. 
In addition, powerful arc blowouts and wrap-around metal 
quenchers assure fast. efficient arc extinction and heat dis- 
sipation. There are many other features about this new line 
that you ought to know. Therefore, please write for Bulletin 
6100, today! Allen-Bradley Co., 1316 South Second Street, 


Here's How EXTRA Interrupting Capacity 
Is Built Into All Allen-Bradley Starters 


Powerful Arc Blowout Totally Enclosed Chambers Metal Arc Quenchers 


NS 


_ L- 
a 


, a —— 
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QUALITY 
MOTOR CONTROL 


EE ae eS a ae 


is 17 peak mv per peak g at 28 C. 
Weight is 0.8 oz. Supplied with special 
cable and mounting studs for case 
grounding and electrical isolation. Stat- 
ham Instruments, Inc., 12401 W. Olym- 
pic Blyd., Los Angeles 64. 

Circle 563 on Inquiry Card 


EPOXY RESIN 


Low-viscosity resin Type B, for elec- 
tronic components and assemblies, is a 
room-temperature curing system. Di- 
electric constant, 4.0; dissipation fac- 
tor, 0.0055 at 60 cps. Viscosity is 500 
centipoise at 75 F, suitable for dipping 
components and assemblies. Volume 
resistivity, 10° ohm-cm at 75 F. Ma- 
terial is applicable to encapsulating in- 
ductors, resistors, capacitors and semi- 
conductors. Addition of the resin coat- 
ing provides electrical insulation and 
mechanical strength. Tau Engineering 
Co., P.O. Box 304, Culver City, Calif. 

Circle 564 on Inquiry Card 


R-F ATTENUATORS 


Series of turret-type, 75-ohm attenua- 
tors is supplied in single and multi- 
ple ganged units, designated Models 
TA-75 and TB-75. Attenuation range 


is 0 to 50 db in increments of 10 db, 
and 0 to 10 db in 1-db steps. Frequency 
range covered is 0 to 300 mc; accuracy 
is 1 per cent for +0.1 db to 100 mc. 
Detent action in switch assembly as- 
sures repeatability of attenuation. BNC 
connectors are standard. Telonic Indus- 
tries Inc., Beech Grove, Ind. 

Circle 565 om Inquiry Card 


HERMETICALLY SEALED 
THERMOSTATS 

Model HS-5300 thermostat holds disk 
firmly, allowing high vibration resist- 
ance and rapid thermal response. Meas- 
ures 9/16 in. OD by 37/64 im. long 
with NO or NC contacts. Temperature 
settings are from —65 to +500 F. 
Current ratings to 15 amp; case is 
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Unregulated — Series “S” 
Output: 2.5 KV-2 MA up to 40 KV-2 MA 
input: 115 V, AC — 60) 400 cycles 

From Steck 


Regulated — Series “TRHY" 
Output: 1 KV¥-5 MA up to 20 KV-1 MA 


Input: 115 V, AC— 60/400 cycles 


From Steck 


Beth Del medels represent the ultimate in quality. Their design and manufacture 
incerperate enly the finest materials and workmanship te assure reliable and 


dependable service. 


WRITE FOR DATA 


Radar Displays 
Image Intensifiers 


Storage Tubes 


Applications 
Electron Optica! Devices 
cations 


“im *stian 
Slr 


mm oO wre 


DEL electronics coRPORATION 


S21 HOMESTEAD AVENUE + MOUNT VERNON. NT 
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TOUGH, UNIFORM, 
ACCURATE Ceramic Parts .. 


on time and in any quantity from 
WISCONSIN PROCELAIN CO. 


Whatever the size of your ceramic parts 
order—a few hundred or several mil- 
lion— Wisconsin Porcelain has the facil- 
ities to deliver on time. Plant capacity 
is not limited to few kilns—where trou- 
ble with one could mean a production 
shutdown for you. Instead, Wisconsin 
Porcelain has many kilns and a record 
of continuous, year around production. 

Our highly developed manufacturing 
processes, perfected over a period of 40 


years, produce components of extreme 
hardness and accuracy. The result is 


Circle 219 on 


easy fitting parts that keep your pro- 
duction running smoothly. 

Engineering Assistance. If you will 
send details of your requirements—our 
engineers will submit suggestions on ma- 
terials and design to assist you in finding 
the most efficient and economical solu- 
tion to your ceramic problem. 

Serving the Electrical and Electronic 
Industries since 1919 
WISCONSIN PORCELAIN co. 

11S Market St.+ Sem Prairie, 
in the Chicago Industrial ame 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
uP To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION 
THIN 
SMLICONE 
FIUA 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 
INSULATION 


SINGLE 
TEFLON TEFLON 
OVERLAY OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*% * * * x 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


THI 


MARK OF RELIABILITY 
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nitrogen filled. Bi-metal disk is snap- 
acting; with internal contact arm or 
shorting bar. Therm-o-Stats Inc., P.O. 
Box 303, Chartley, Mass. 

Circle 566 on Inquiry Card 


MODULAR ENCLOSURE 
ASSEMBLY 


Model 217 low leakage r-f module en- 
closure consists of die-cast aluminum 
box and cover assembly. Connections 
are made through connectors in cover 
plate, providing accessibility when cover 
is removed from box. Low leakage from 


module is obtained by use of knit 
metallic gasket. Leakage value per 
MIL-I-26600 (utilizing 30-mc oscil- 
lator) outside enclosure is 80 db above 
1 pvolt; with cover and gasket in place, 
leakage level is reduced to below —127 
db/m. Dimensions are 2 x 74% x 2%4 
in. Tridea Electronics, Inc., 1020 Mis- 
sion St., So. Pasadena, Calif. 

Circle 567 on Inquiry Card 


ISOLATION TRANSFORMERS 


Model HIT-15 isolation transformers, 
hermetically sealed to MIL-T-27A, are 
for critical circuits requiring extreme 
isolation for power line equipment. 
Power rating is 120 watts to MIL-T- 
27A. Capacity coupling between pri- 
mary and secondary windings is less 
than 0.1 pf. Shields are individually 
terminated to allow maximum flexibil- 
ity. Wattage ratings vary from 50 to 
400 watts, smallest case size is 4 x 4 x 


INPUT : \\| 
Sv i 
| 50/60~a 1 
i 
; ' 


ELECTRO-TECHNOLOGY 


BRIGHTCLIFFE 





New! Sylvania CT 4257 


Sylvania introduces the new CT4251 ... opening a dramatic 
new approach to the design of very compact, low-cost count- 
ing equipment in the 0-SOKC frequency range. 


Utilizing a new dome-shaped T-9 bulb evacuated from the 
base, Sylvania CT4251 offers significant reductions in seated 
height. CT4251 features 10 output cathodes, offering the ver- 
satility and advantages of tube types previously available 
only in the T-11 bulb. Examples: electrical information can 
be fed from all 10 cathodes, enabling preselection of a count 
from 0-9; the diameter of the ring of cathodes is identical 
with that of types in the T-11 outline, providing excellent 
visibility of readout information. 


Sylvania CT4251 is the lowest cost cold cathode Decade 
Counter Tube available. Combining electrical and visual 
readout functions, it offers extensive economies in circuitry 
and associated components. Sockets, too, for its 13-pin 


~SYLV. 


SUBSIDIARY OF 


Illustration compares size advantage of 
Sylvania CT4251 to type in T-11 outline 


; 


Pa) 


he 


circle are as much as one-half the cost of sockets normally 
required for T-11 types. In addition, this new 13-pin circle 
makes it possible for Sylvania CT4251 to be designed into 
equipment using transistorized and printed circuit techniques. 


Tests to date of Sylvania CT4251 indicate superior quality 
performance even under stand-by operation for 500 hours. 


Your Sylvania Sales Engineer will be pleased to tell you 
more. Contact him or write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept 101, 1100 Main 
St., Buffalo 9, N.Y. 


Min. Double 
Ss oe Voltage Amplitude 
upp 
(Vdc) (v) 


Total Anode 
Current (mA) 


Sylvania 
Type Pulse Width 
(usec) 


CT4251 0.65 0.8 400 -70 a 


NIA 


GENERAL TELEPHONE & ELECTRONICS 
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3 in. United Transformer Corp., 150 
Varick St., New York 13. 
Circle 568 on Inquiry Card 


HERMETIC SEALS 


High-temperature TFE-fluorocarbon 
and TFE-to-wire hermetic seals provide 
excellent electrical characteristics. Af- 


High-quality, low-cost 


Barber-Colman reversible 
servo motors, blower motors, 
a-c tachometer generators 
for electronic applications 


Reversible Geared Motor 


TYPICAL CONTROL CIRCUIT 


: 
ee ee 


i — od —— 


“ee Bet 


tg 
= 


oC ew ee cee 
POWER SUPPLY 


| THE MARK OF QUALITY 


a 
a 


LOW COST 

HIGH STARTING TORQUE 

QUIET RUNNING 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


2 as 


bb 


Tach Generator 


Blower Motor 


a-c small motors 


Precision-made to give long, trouble-free 
service in a wide range of electronic 
control and cooling applications: 
Reversible Servo Motors — Compact, 
powerful for servo-mechanisms, remote 
switching and positioning units, record- 
ing instruments, voltage regulators. 
Adaptable to a variety of control circuits 
for power requirements up to 1/25 hp. 
Blower Motors—For driving blowers 
and fans. High starting torque, ratings 
up to 1/20 hp, low noise level. 

Tach Generators — Typical generated 
voltage is two volts per 1000 rpm and 
can be increased to 10 volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 

- Open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 
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ford improved reliability for critical 
requirements. The seals are expected 
to be used by industries involved in 
space and missile programs. Tri-Point 
Industries, Inc., 175 I.U. Willets Rd., 
Albertson, N.Y. 

Circle 569 on Inquiry Card 


INSULATED WIRE 
Extruded TFE-fluorocarbon insulated 


hook-up wire is for continuous opera- 
tion at 260 C. The wire meets require- 
ments of MIL-W-27300. Uses nickel- 
plated copper conductors; meets rigid 
abrasion tests. Sizes range from 12 to 
26 AWG. Tensolite Insulated Wire Co., 
Inc., West Main St., Tarrytown, N. Y. 

Circle 570 on Inquiry Card 


PRECISION DIALS 
AND VERNIERS 


Engraved divisions and numbers on 
dials available in clear aluminum and 
in white or black provide a tolerance 


of 6 minutes over the range of 360 deg. 
Standard diameters, 2 to 6 in. in ¥%-in. 
increments. Ackerman Engravers, Inc., 
43-22 36th St., Long Island City 1, N. Y. 

Circle 571 on Inquiry Card 


BINARY COUNTERS 

Counter modules M10943G (germani- 

um) and M10943S (silicon) are 

suitable for use in missile and space 

applications, as well as commercial 

devices. The circuits are for applica- 
(Continued on page 229) 
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WESTON SENSITROL FOR 
MORE RELIABLE CONTROL 


Model 1092—the most versatile, all-purpose 
relay...especially useful in prototype circuitry. 


A truly all-purpose relay, the Weston Model 1092 Sensitrol® 

is serving diverse applications from commercial display to 
production line control. This meter-type relay with magnetic 
contacts is also used for continuous pulsing control and in circuits 
for holding variables such as temperature, voltage and 

light levels within critically narrow limits. 


Simplicity of operation is an important factor in the growing 
popularity of Model 1092. A single adjustment screw controls a 
wide range of accurately repeatable DC values . . . from 

0-50 microamperes, or comparable span of 0-100 millivolts. 
This instrument can be mounted on magnetic or non-magnetic 
panels, thanks to special Weston Cormag® self-shielded movement. 
It can handle up to 100 milliamperes at 120 volts AC or DC 
without chatter. 


Many economies are possible with low-cost Model 1092 — 
another factor contributing to its wide application. Because it can 
be adjusted for an almost infinite number of settings, it 
eliminates the need for stocking a variety of relays in production 
work. 


AC VOLTAGE Call your Weston representative for full information about 
SOURCE ‘Sensitrol” Relays, or write: Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division: 100 Empire St., Newark 12, N. J. 
In Canada: 840 Caledonia Rd., Toronto 19, Ontario. 


Tete 
: DAYSTROM , , incorporated 


WESTON INSTRUMENTS DIVISION 


“Reliability by.“Design 


3 
berms 
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Why didn't 


MULT aver Clad Metals Combine The Exact Operating 
Properties | Must Have. 


This design engineer has just realized a fact we wish more 
people would discover. MULtiLAYER CLAD METALS 
PROVIDE MORE COMBINATIONS OF OPERATING 
CHARACTERISTICS THAN ANY SINGLE MATERIAL 
OR ALLOY. 

If you need a spring with high conductivity, superior elastic 
properties, high temperature strength and easy weldability, 
no single spring alloy can satisfy all the requirements. 
MULtiLAYER clad spring metals can! 

If a tube for chemical processing must have a clean, cor- 
rosion resistant, stainless steel surface, high thermo conduc- 
tivity, plus high forming ductility for flaring and bending; no 


*Trademark of Metals & Controls Inc. 
ASSEMBLIES CONTACTS 


BALL WELDED 
TUBING WIRE STRIP STAMPINGS 
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THERMOSTATIC NAME 
METALS IT! 
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single material can satisfy all these requirements. MULLti- 
LAYER clad tubing can! 

Therefore, why compromise? Why be limited to only partial 
reliability in your components when, with MULtiLAYER clad 
metals, you can get maximum satisfaction? 

You specify the engineering properties 
you need .. . we'll put the metals together 
for you — and even make the components 
in many cases. Find out about this modern 
design material. Call us or write for our 
illustrated brochure GP-1. 


For materials and components come to Metals & Controls 


191\ FOREST ST. +» ATTLEBORO, MASS 


i METALS & CONTROLS INC. 


A CORPORATE DIViIiSIion OF 


TEXAS INSTRUMENTS 


INCORPORATED 
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~ OF» cies 


Welded Assemblies 
TEL 
NAR UTA 


Take a strip of spring steel, clad an over- 
lay of copper to it, weld and coin a pre- 
cious metal ball at the exact contact point. 
The result. ..a MULtiLAYER relay part 
with operating qualities impossible to 
obtain through the use of any single alloy 
or plated material. When blanked and cut 
off, this part gives you maximum reli- 
ability, peak performance without com- 
promise, occupies a minimum of space 
and costs a fraction of parts made by con- 
ventional methods. Especially when pro- 
duced in quantity by our time-proven 
direct cladding methods, four-slide presses 
and custom designed welding equipment. 


Similar parts from wire, inlay and overlay 
strip, and other MULtiLAYER clad met- 
als produce the same benefits. Our field 
engineers in your territory will help you 
apply this modern design material to your 
products. Write, call, or wire Marketing 
Manager, Precision Electrical Parts Dept. 


METALS & CONTROLS INC. 
1911 Forest St., Attleboro, Mass. 


A corporate division of 


TEXAS V6 INSTRUMENTS 
INCORPORATED 
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tions below 100 ke, operate with power 
supply from 15 to 28 volts, consume 
2.5 ma at 28 volts d-c. Nominal signal 
levels are from 0 to 5 volts, with rise 
times less than 1 psec. Germanium 
circuit is rated for operation to 70 C; 
silicon model to 100 C. Units have wire 
pins for insertion into printed-circuit 
boards. Modules measure *4 x 7% x 46 
in. Walkirt Co., 141 W. Hazel St., 
Inglewood, Calif. 
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SHIELDED VENTILATOR 

Ready-to-install ““Teckcell” is a cooling 
air window with high r-f shielding 
efficiency; provides good attenuation at 
frequencies below 50 kmc. R-F gasket- 


ing (Detail 1 in photograph) is stand- 
ard. Honeycomb structure (Detail 4) 
acts as high pass filter, allows air to 
be moved through panel with low re- 
sistance. Detail 2 is rivet and mount- 
ing hole; 3 is frame. Unit can be fabri- 
cated to specific sizes. Technical Wire 
Products Inc., Cranford, N. J. 

Circle 573 on Inquiry Card 


OVER-VOLTAGE PROTECTOR 


Circuit protector is for permanent 
mounting in solid-state equipment, will 
interrupt source of power if voltage 
rises above adjustable limit. One per 
cent over-voltage pulses of 1 usec will 
trigger the protector. Protection from 
fast or slow voltage increase is within 
2 psec. Unit places short circuit across 
power input terminals to semiconduc- 


Bistable Amplifier for 
Static relay control 





Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance Corp., Pittsburgh, Pa. 


“Norbatrol helped us cut 
R&D time by 1 year with 
this Bistable Amplifier” 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,”’ Mr. Doorley continues, “these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 


technical bulletin CS60. 
NE-1 


eo eee ae a 
NORBATROL 


Electronics Corp. 
DEPT. B, 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
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tor circuit and discharges capacitors. 
Voltage ranges are to 400 volts. Vic- 
toreen Instrument Co., Jordan Elec- 
tronics Div., 121 So. Palm Ave., P.O. 
Box 2047, Alhambra, Calif. 


Circle 574 on Inquiry Card 
WIRE MARKERS 


Self-laminating wire markers are used 
where requirements call for small quan- 
tities of markers of many different 
special legends. Each marker can be 


written or typed upon. Markers assure 
permanent legibility of underlying writ- 
ten or typed code. Western Lithograph 

' Co., Westline E-Z Code Div., 689 E. 
2nd St., Los Angeles 54. 


7 Circle 575 on Inquiry Card 
UU eee GENERAL-PURPOSE RELAYS 


"satay doanesen en pints eee lait sce est Front-connected relays, Types SC and 
ten or eepapaemarer 2 ugageat oe SV, are used as fault detectors to super- 
A vise main protective relays, or in pro- 
Individually formulated to exact tection of motors to prevent damage 

from high current. Can be used on d-c 


age alt RS and 25 to 60 cps without coil change- 


For these typical applications 


CIRCUIT BREAKERS CONTACTORS 
RELAYS SWITCHES 


MOTOR CONTROLLERS MISSILE, AVIATION & 
AUTOMOTIVE EQUIPMENT 


SLIP RING ASSEMBLIES and many others 


STACKPOLE CARBON COMPANY 


Ee J 


over. Terminals and connections to con- 
tacts and coil are available from front. 
Pickup is adjustable, can be set for 
specific values of either pickup or drop- 
out. Stationary silver contacts can be 
independently set for either NO or NC 
operation. Westinghouse Electric Corp., 
P.O. Box 2099, Pittsburgh 30. 


Circle 576 on Inquiry Card 
BIMETAL THERMOSTAT 


Model MS safety switch for appliances 


Brushes for all rotating elec- is a fixed-setting unit with single pole 
trical equipment + Graphite . ° 
Bearings & Seal Rings + Slide and single wire controls. Contacts open 


Switches + Ferrite cores . : . * 
Ceramic Magnets + Fixed & with a rise in temperature. Operating 


Variable Resistore ce ond range, +70 to +600 F. Built with 
metal powder products. ceramic body, push-on lugs and fine 
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Des 


FOR INSTRUMENTATION... 


ideal for military and rugged commercial 
applications—requires small panel space but 
provides long, 2.7”, scale length. Ruggedly built 
with die cast case. 


Features the famous Hickok TAUT- BAND * 
friction free movement. Specify accuracy 
desired. 


See your Hickok Representative 
for more details or write for free 
data sheet. 


*The Hickok TAUT-BAND Movement 


THE pf IC yee ELECTRICAL INSTRUMENT CO. 
UG @ 10541 Dupont Avenue, Cleveland 8, Ohio 
Circle 227 on st caniabe Card 


—FOLDING DOUBLE CUPPED WASHER LUGS 


With or ween 


New. Anos 


A a 


St 
prenibte Strand- 
ingand Solid Wire 


Standard 
eat ee ATI) IK ya Sizes 


Ka Lea aan ee ee 


Write for Bulletin 8-DF 
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Here's sure protection 
against flashbac 


-on switches, circuit-breakers, controls, etc. 


Sauereisen Insa-Lute Adhesive Cement No. 1 pro- 
vides a ceramic-like coating that insulates electric- 


ity and withstands thermal shock. Easily applied 
by brushing or spraying. Hundreds of other uses. 


SPECIAL TRIAL ORDER $440 


for making tests under your own conditions Galion Can Aok tor Data Shand 
s or Vata eets 


Sauereisen Cements Co., Pittsburgh 15, Pa. 
SAUEREISEN "sss! No.1 


NOVEMBER 196) Circle 229 on Inquiry Card 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for %” or %” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 
8027 N. MONTICELLO e¢ SKOKIE, ILL. 
Specializing In Stock Molded Knobs Since 1939 


Circle 230 on Inquiry Card 





ARCING 


SUPPRESSED AT LOW COST WITH 
ITT SEMICONDUCTOR CONTACT PROTECTORS 


Specifically developed by ITT for arc suppression in 
switched circuits with inductive loads, these low-cost semi- 
conductor devices can reduce contact erosion due to arcing 
by a factor of 100 or better. They provide efficient contact 
protection in both AC and DC applications. 
Spike-shaped oscillograph trace below, shows voltage 
across an unprotected contact switching a relay; step- 
shaped trace shows improvement with a back-to-back semi- 
conductor protector connected across coil. 

write for Bulletin No. 860 


Tr 


SEMICONDUCTOR DEPARTMENT COMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
Circle 231 on Inquiry Card 


For complete specifications, 


PROTECT SILICON 
RECTIFIERS 


= _ 


LOW-COST SILGARD CLIPS SURGE VOLTAGES 


Now you can have effective protection against over-voltage 
damage to silicon rectifiers for very little cost — far less 
than the cost of derating rectifiers (which may not assure 
protection against transients). Silgard, developed by ITT, 
has high resistance to normal voltage — instantaneous low 
resistance to surge voltages, absorbing transients of long 
duration up to 12,000 watts. It’s simple, self-contained, 
easy to install, offers years of reliability. Also protects tran- 
sistors, controlled rectifiers, meters, solenoids, and relays. 


For complete specifications, 
write for Bulletin No. 361. aE 


SEMICONDUCTOR DEPARTMENT ® COMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
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silver contacts. Richard-Lewis Corp., 
1182 Broadway, New York 1. 
Circle 577 on Inquiry Card 


MINIATURE WIREWOUND 
RESISTORS 


Bulletin 70 fixed resistors have stand- 
ard temperature coefficients of +0.003 
per cent/deg C and are intended to 
meet MIL-R-93B specifications for 
operation at ambients of 125 C. In 
spite of sizes, which range from 4 
to 3.16 in. in diam and from %4 to 1 
in. long, power dissipation is scaled 
from 1/20 watt for the smaller sizes 
to 4% watt for the largest. Body ma- 
terial is epoxy resin per MIL-P-14B 
or better. Windings may be either non- 
inductive or inductive. Axial wire leads 
are fixed to resistor body by special 
internal flanges. Shallcross Manufac- 
turing Co., Selma, N. C. 

Circle 578 on Inquiry Card 


TRANSISTOR PULSERS 


Units switch d-c voltage placed on in- 
put terminals to the output terminals 
with optional pulse repetition rate from 
2 to 1000 cps and duty cycles from 10 
to 80 per cent. Functions generated by 


other models include automatic cycling 
switching, triggered pulsing, timing 
control and pre-coded pulsing. Applied 
Magnetics Corp., Dept. C, 1407 Fire- 
stone Rd., Goleta, Calif. 

Circle 579 on Inquiry Card 


INTERLOCK RELAYS 


Series SIL bistable unit indefinitely 
holds an armature operated after the 
coil is de-energized. Comprised of two 
diminutive relays. When a relay is 
energized, the armature is locked in 
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e low amp 
e low cost 
e three phase overload relay 


ONLY 
$380 


EACH IN 100 LOTS 


Automatic Reset 
Series 48-700.0 


@ SIMULTANEOUS INTERRUPTION OF ALL THREE PHASES 
@ TOTALLY ENCLOSED IN RUGGED BAKELITE HOUSING 


@ FUNCTIONS ACCURATELY IN ANY MOUNTING POSITION 
RATED: 100 MILLIAMP TO 10 AMP, 440 VOLT A.C. 


CALL OR WRITE 
PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero * Chicago 46, lilinois 
Kildare 5-1553 
E-T-A Products of Canada, Ltd. 
265 Craig St. West, Montreal |, Quebec 
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PERCENT 
OF CYCLE 


SAVES SPACE, CUTS POWER LOSS 


Only 3-1/2” square at the face, 4-5/16” deep, the Hagen 
Percent-O-Cycle Timer is a worthwhile substitute for 
power-wasting rheostats and variable voltage equipment 
on many applications. Snap action contacts, operated by 
synchronous motor drive, permit this unit to handle loads 
up to 25 amps at 120/230 volts, 60 cycles. 


REPEAT ACCURACY 1/10 OF 1% 


Easy to read dial makes it possible to set timer to 1/4% 
of desired setting. 
Address Dept ET-1161 


Send for new HAGEN Bulletin 1360. 


HAGEN MANUFACTURING COMPANY 


BARABOO, WISCONSIN 


a 


NOVEMBER 1961 


A DIVISION OF THE GAMEWELL COMPANY, AN E.W. BLISS COMPANY SUBSIDIARY 


Circle 234 on Inquiry Card 


WHETHER YOU 

# * od 

BY HAND OR MACHINE... 
HERE’S A PROVEN WAY TO 


keep costs down and 
improve your product 


@ Priced as low or lower than 
ordinary connectors, they go on 
fast, last for the life of your 
product. No troubles! 


@ Specially formulated high-dielec: 
tric, high-strength all-plastic 
shell is virtually immune to all 
moisture and chemical action. 
They stay “new” permanently! 


e Smooth, precision-molded 
threads start easily, screw on 
without damage to even finest 
wire strands. Wires are locked 
on—can't fall off or shake loose! 


e Scientific knurling is easy on fingers, fits snugly into 
Ideal standard driver shanks. Less fatigue, faster 
assembly line splices! 


e@ Ample skirt protects splice, prevents shorts. 
Best insulation you can get! 


e@ Only 5 sizes handle practically all appliance, fixture 
and smaller machinery needs. Approved for 300V and 600V 
(1000V for fixtures). Less specification and 
stocking problems! 


NEW BROCHURE 
for design and production 


Gives new technical data for 
production and design men. 
Complete selector charts for 
all sizes of All-Plastic Con- 
nectors for all approved wire 
combinations. Also useful 
product information of Ideal 
Wire-Nuts, Excel Porcelain 
Connectors and Wing -Nuts. 
Facts you should have on the 
industry’s most complete line 
of wire connectors. Mail 
coupon. 


TRY THEM 
ee 
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IDEAL INDUSTRIES, Inc. 


1008-K Park Avenue, Sycamore, Illinois 
Please send [] new brochure on All-Plastic Connectors; 
C) Free Sample Assortment 


Name__— 

Company. 

Address. 

lec Aa tpicsiicinealaaeacgnecneeenin NN eo es I 
Sold Through America’s Leading Distributors 

IN CANADA: IRVING SMITH, Ltd., Montreal 
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UT YOUR 
INDICATOR LIGHT 
COSTS! 


f q 


Use G-E Glow Lamps { 


with resistor attached I 


i 


You may be paying more than you should for your indicator 
lights if you’re using anything but General Electric glow lamps 
with the resistor attached. The popular NE-2H and NE-2E, 
for instance, in large quantitics, cost less than seven cents 
apiece including the resistor. 


Low cost isn’t the only reason why G-E glow lamps make 
ideal indicator lamps. They have tremendously long life. Up 
to 25,000 hours. If you were using one on a coffee pot, that 
would be about 1,500,000 cups of coffee. 


Other big advantages of G-E glow lamps are their rugged 
construction, small size (shown actual size above) and low 
power consumption. They run on line voltage with no trans- 
former required and use only a small fraction of a watt. A 
word to the wise: if you’re designing appliances, business 
machines or military hardware, get the story on General 
Electric glow lamps as indicators. There are over 60. Write: 
General Electric Co., Miniature Lamp Dept. M-145, Nela 
Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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the operate position by a mechanical 
linkage and it will remain locked after 
the coil is de-energized. Alternately 
energizing the two relay coils causes 
the relays to Jeck and restore alter- 
nately. Automatic Electric Co., North- 
lake, Ill. 

Circle 580 on Inquiry Card 


LINEAR ACTUATORS 


“Polynoid” actuator uses induction 
principles to deliver uniform long 
stroke. Six models feature different 
stroke lengths. Present models have 
continuous-duty holding forces from 


1.2 to 2.0 lb; with intermittent duty 
cycle, more force produced. Stroke is 
to 6 in. with standard units, produces 
uniform output force in either direc- 
tion. Output force is directly propor- 
tional to input power. Models operate 
on standard a-c voltage, furnished for 
foot mounting. Units contain one mov- 
ing part, provide reciprocating motion. 
Skinner Precision Industries, Inc., 95 
Edgewood Ave., New Britain, Conn. 


Circle 581 on Inquiry Card 


STEP-SERVO DRIVE 


Model 622A drive is a 1/10 revolution 
(36 deg) unit for digital systems. In- 
stantaneous reversal achievable at 
speeds up to 200 pps. Features smooth 
magnetic detenting between pulses. No 
mechanical detents or brushes are 
utilized. Size, 1.06 in. diam x 2% in. 
long. Stall torque at 25 C, 5 in.-oz. 

(Continued on page 236) 
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INDUSTRIAL 
INTERVAL 
TIMERS 


- 0.5 second to 5.0 minutes 
Dust-tight 


Timing ranges . 
Adjustable . . Accurate to 1% .. 
Advanced solid state circuitry eliminates motors, 


clutches, solenoids and other parts, the usual 
causes of failure in timers. 


The dependability, compactness and flexible con- 
trol circuits of the ELECTRO-TIME Interval 
Timers . . make them suitable for sustained 
contact, momentarily closed contact or recycling 
operations. 


NEW BULLETIN . . Write Today! 


Complete information on the new, attrac- 
tively priced ELECTRO-TIME models, 

as well as diagrams of standard 

contact arrangements. 


ELECKREO-SEAL 


CORPORATION 
946-G North Ave... Des Plaines, III. 
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Celebrating 
The First 25 Years... 


SLING a WL : le CY 1a) 


And a planned future 
built on Reliability, Sta- 
bility, Dedicated Serv- 
ice and continued 
pride in every coil 
winding that bears 
the Dano 


trademark. 


THE DANO ELECTRIC COMPANY 


‘ 93 Main St. Winsted, Conn. / 


NOVEMBER 1961 
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pecco TWOKWAY'SHOCK- 
MOUNTING CAN TRIPLE 
SOLENOID LIFE! 


@Shock absorbing 


bumpers cushion 
stroke, assure 
longer service 


\ life. 


@lempered steel 
spring absorbs 
vibration— holds 
assembly firmly 
in alignment. 


The greatest cause of solenoid ‘deaths’ is the 
relentless impact of unspent stroke-force on the 
solenoid’s structure. 

Rugged DECCO INDUSTRIAL SOLENOIDS re- 
fuse to take this terrific self-punishment. They 
“fight back’’ with built-in, two-way shock 
absorbing bumpers which add millions of 
strokes to the life of the solenoid. 
Precision-built from the best quality materials, 
DECCO’s complete line of industrial solenoids 
provide that extra-engineered stamina so 
necessary to keep solenoid replacement to a 
minimum. 

Decco engineers will gladly discuss your sole- 
noid problems. 


2435 Hilton Road + Ferndale 20, Mich. 
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New “Taylorite’’’ is a 
veritable workhorse 


Improved Vulcanized Fibre... 
superior insulation, 
excellent forming characteristics 


Dramatic highlighting of displays at the Philadelphia Commercial 
Museum is accomplished quickly and inexpensively with BullDog 
Universal Lighting Duct. Fixtures can be added, moved and relocated 
anywhere along the duct run in a matter of minutes. Contributing to 
the effectiveness and safety of this modern lighting system is the formed 
Taylorite vulcanized fibre part used to insulate the conductors from the 
end caps. Taylorite was selected because it provides superior insulation, 
has excellent forming characteristics, provides good dimensional sta- 
bility. Taylorite is ideal for the fabrication of many mechanical com- 
ponents, too. Its high impact resistance, flexibility, formability, 
toughness and capacity to be deep drawn make it adaptable to 1001 
industrial applications. 

Samples are available. Test them for yourself. Put them under ten- 
sion, fiex them, compress them, form them. You will find that new 
Taylorite will pass your severest tests with flying colors. And remember, 
Taylor offers complete design and engineering assistance. 


Write for Data Sheet 2-0 and samples. Taylor Fibre Co., Norristown 37, Pa. 


Background photo courtesy Philadelphia Commercial Museum. Lighting 
Duct courtesy BullDog Electric Products Division, |-T-E Circuit Breaker Co. 
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LAMINATED PLASTICS ME VULCANIZED FIBRE 
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Automation Development Corp., 11824 
W. Jefferson Blvd., Culver City, Calif. 
Circle 582 on Inquiry Card 


MINIATURE PLUGS 


Series TM plugs are for subminiature 
applications involving a common shield 
over a twisted pair of wires or for re- 


quirements involving two power leads. 
Identical inserts with either male or 
female contacts are used for both plug 
and receptacle. Cannon Electric Co., 
1943 Placentia Ave., Costa Mesa, Calif. 

Circle 583 on Inquiry Card 


CABLE CLAMPS 


Type 6B butyrate cable clamps are 
said to provide excellent weather re- 
sistance. The 1-in wide clamps provide 
cable support and long life, withstand 


continuous exposure to sunlight, mois- 
ture and temperature extremes. Formu- 
la used in clamps is approved under 
military specification L-P-349a, Type 
III, Class MH. Available in clear color 
for wire sizes from ¥% to 1% in. 
Weckesser Co., Inc., 5701 N.W. High- 
way, Chicago 46. 

Circle 584 on Inquiry Card 


VARIABLE-SPEED DRIVES 


Line of regulated drives offers 0.5 to 
2 per cent regulation of set speed. 
Special units regulate from 0.1 to 0.25 
per cent of set speed, regardless of 
varying load and voltage. Drift is 
limited to 0.025 per cent. Power control 
package of each drive incorporates 
electronic control regulator. Regulator 
continually monitors load, automatically 
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What is your terminal problem? 


Applications requiring 
UL approval? 


ental work 


im 
Exper! ul up)? 


Combination terminals? 


Curtis Terminal Blocks Make Better Connections — 
Economically — Quickly. A Type for every purpose. 


3222 North 33rd Street Milwaukee 16, Wisconsin 
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Cols fOr val Vasuls 


COHO-CONS amnion. 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. I. 
Circle 242 on Inquiry Ccrd 





STEEL BLUE 


Gembeone 


making Dies and | 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for = 
plying right at bench; 
metal surface ready for 
layout in a few minutes. 

?. The dark blue background 
A makes the scribed lines 
* show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
onannar letterhead = 


= ata} thet) 
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RELIABLE 
Laminated Plastics 
for Electrical 

& Electronic Parts 


An Example of 


Synthane You-shaped Versatility 


Here, from one reliable source, you can satisfy all 
your requirements for laminated plastic materials 
or fabricated parts. High temperature laminates, 
flame-retardant laminates, copper-clad laminates 
as well as all the widely-accepted electrical grades. 
Complete facilities for quality-controlling desired 
properties and for environmental testing. For 
parts fabricated to your specifications we are 
equipped with a complete tool room for special- 
ized dies and fixtures. 


You-shaped Versatility makes Synthane a Better Buy in Laminates. 


CORPORATION OAKS, PENNA. 


o— oe eee oe oe ee ee ee ee ee ee ee ee ee ee ee ee oe ee 


Synthane Corporation, 17 River Rd., Oaks, Pa. 
Gentlemen: 
Please send me information relating to Synthane as a source 


for laminated plastic materials and parts. 


Address 


! 
| 
| 
! 
| Name 
| 
| 
| 


ier htictniprctnntprineenneniniern OOS State 


[ee 
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Yy WATT 


W/L on target ! 


New METOHM line 


exceeds MIL-R-10509D 


As a supplement to the unexcelled VITROHM resistors, Ward Leonard now offers 
to designers of commercial, military and industrial electronic equipment a line of 
molded metal film precision resistors, designed and tested to exceed the require- 
ments of MIL-R-10509D, characteristics B, C and E. You can stake your reputa- 
tion on Ward Leonard resistors. 

Available in %, % and % watt sizes, W/L METOHM precision resistors feature 
the highest degree of built-in reliability and operating stability. Temperature 
coefficients, over the range —55°C to +175°C, may be as low as +25 parts per 
million. Standard tolerance +1%. Tolerances down to +0.1% on special order. 


MIL RATED OHMIC VALUES 


EQUIVALENT WATTS 





RN 60 
RN 65 
RN 70 





Write for complete specifications and a list of distributors. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New York. 0.10 


RESULT-ENGINEERED CONTROLS 


WARD LEONARD 
| ELECTRIC CO. 


Lo) CRESISTORS ¢ RHEOSTATS « RELAYS e CONTROLS ¢ DIMMERS 
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corrects to hold d-c motor speeds cons- 
tant. Tenney Engineering, Inc., 1090 
Springfield Rd., Union, N. J. 

Circle 585 on Inquiry Card 


MIDGET PNEUMATIC 
VIBRATOR 


Model 7803 “Vibrajust” unit with re- 
ciprocating piston has a 0.358 piston 
bore, is 3 in. long, has a stroke of 


0.094 in., a piston mass of 12.5 gm 
and weighs 5 oz. Operates on 10 psi 
line pressure up to 80 psi, with a fre- 
quency range between 6000 and 18,000 
vibrations per min. The Branford Co., 
Div. of Electro-Mechanics, Inc., 130 
Glen St., New Britain, Conn. 

Circle 586 on Inquiry Card 


COLOR-STRIPED WIRE AND 
CABLE INSULATION 


Silicone insulation permits the use of 
smaller wires in multiconductor cables 
and results in lighter weight, extra 


f 


flexible, reduced-diameter cable. Avail- 
able in AWG sizes 24 through 10. 
Boston Insulated Wire and Cable Co., 
65 Bay St., Boston 25. 

Circle 587 on Inquiry Card 


SOLID-STATE STATIC SWITCH 


Solid-state devices for switching signal 
voltages where insertion errors must be 
kept to a minimum replace multipole 
DT relays. Power, 10 ma at 28 volts. 
Open resistance, 5 megohms. Closed 
resistance, 50 ohms. Temperature range, 
—55 to +100 C. Acceleration, 10,000 g. 
Vibration, 30-g peak, 20 to 2000 cps. 

(Continued on page 241) 
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quality 


bearings «* 
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Hushed quietness in a bearing is a promise of excellent quality, 
superior performance and long life. 

And it’s no coincidence that Hoover bearings are exceptionally 
quiet. Hoover Honed bearing raceways are super smooth, superbly 
Aalenes th eled tek Weiireaien welts te finished. Micro-Velvet balls are spherically accurate within mil- 
wtenost ellence. That is why the hushed quist- lionths of an inch and surface finished to microscopic perfection. 
ness of Hoover Quality ball bearings makes These precision components work together in perfect harmony. 
them ideal for critical applications on this and We, at Hoover, know because every Hoover Quality bearing is 
many other types of equipment. checked electronically before it is shipped. 


Hoover Honed and Micro-Velvet are Hoover Trademarks 


N@OUer 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 


Zone Sales 8581 South Chicago Ave., Chicago 17, Illinois 
Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses 2020 South Figueroa, Los Angeles 7, California 


hoover cContTROLS hoover quality FROM START TO FINISH 


Nuclear submarines like the SKIPJACK are 


High quality wire from which Hoover Micro-Velvet Balls are It’s easier to strike a match Hoover quality control meth- 
balls are made is produced made of the finest of chrome on plate glass than on the ods include non-destructive 
by Hoover’s Cuyahoga Steel alloy steel. Sphericity is meas- smooth finish of a Hoover electronic inspection of 
and Wire Division. ured in millionths of an inch. Honed bearing raceway. bearing components. 





Improve your list of suppliers with 


Conover-Mast Purchasing Directory 


With a good industrial directory you can be certain your company 


is buying from the best suppliers. By checking CMPD you eliminate 
the chance of overlooking important sources of supply. 


CONOVER-MAST PURCHASING DIRECTORY offers great reliability. The 
addition of telephone numbers makes CMPD the most up-to-date buying 
directory published. Telephone numbers give you a convenience 

found in no other general industrial directory. 


Because CMPD lists only products used by industry, you 
find the sources you want quickly and easily. 


Conover-Mast 
Purchasing Directory 


205 East 42nd Street « MUrray Hill 9-3250 e New York 17, N. ¥. 
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Applied Electronics Corp. of N. J., 22 
Center St., P.O. Box 43, Metuchen, N.J 
Circle 588 on Inquiry Card 


MINIATURE RELAY 


Type JR, measuring 0.2 x 0.4 x 0.5 
in. and weighing 5 gm, meets all ap- 
plicable military relay specifications. 
SPDT unit has a minimum lifespan ot 


100,000 operations with a contact rat- 
ing of 1 amp at 28 volts d-c. Branson 
Corp., 41 S. Jefferson Rd., Whippany, 
Pe oe 
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MINIATURE SERVO 
AMPLIFIER 

Model SA 5601 is built around a d-c 
amplifier with high frequency cutoff 
above 30 kc. Voltage gain with 10 k 
ohm input resistor, 54 db from —55 
to +125 C with all signal levels below 


*} 
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TYPE Ae 


CLIFTON aad Ze 
pet ak CO. INC 


1.035" 
MAX 


saturation and supply voltage of 56 
volts. Idling power, under 1 watt. Size, 
1.390 in. high x 1.035 in. wide x 1.005 
in. deep. Drives any Size 8, 10, or 11 
servo motor with a 26-volt control phase 
rating. Clifton Precision Products Co., 
Inc., 5050 State Rd., Drexel Hill, Pa. 


Circle 590 on Inquiry Card 
TANTALUM CAPACITORS 


Miniature, solid-electrolyte units in 
non-polarized and polarized construc- 
tion have a hexahedral shape which 
allows maximum space utilization. 
Polarized units available in five sizes 
from 0.00051 cu in. to 0.0026 cu in., 
from 0.0022 uf, 50 volts d-c to 25 pf, 
11% volts d-c. Non-polarized units come 
in five sizes from 0.00059 cu in. to 
0.0047 cu in. from 0.001 yf, 50 volts 
to 10 pf, 2 volts. Temperature range, 
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RIAL Nylon it) TT ee 


Cosmo molding methods produc vlo “a. »bbins and washi 
your exact specificati or you can atid TT Rat CT 


shapes and sizes carried in stock for immediate shipm 


{mong the many features found in Cosmo Wi Vylon 
/ * Strength in thin sections * Dimensional 
STL Ti ee te le Mtl pe Catt ata 
to impact * Resistance to action of many common chemicals 
¢ Rated for use up to 250°F Good dielectric strength. 


Investigate the benefits—savings increased production speed 
elimination of rejects with Cosmo Nylon Bobbins 


We Welcome Your Inquiry a 


New catalog and samples on request. 


NEW 24 PAGE CATALOG 
in ti speciications on all parts and materials 


3239 WEST 14 STREET © TOwER 1-5597 CLEVELAND 9, OHIO 
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WTe ron 


BANTAM SPEED CHANGERS 


RATIOS: 646 from 1:1 to 85184:1 
HORSEPOWER: 0.1 maximum 

TORQUE: 130 oz-in 

SPEED: 10,000 RPM maximum 
BACKLASH: 15’ maximum (Series 11) 
WEIGHT: 16 to 45 oz depending upon ratio 
BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days 


A PART OR A PACKAGE 


Bantam speed changers are only one product in Metron’s com- 
plete line of small speed changing components. Call on our egni- 
neers for design help with your speed changing or control problems. 
Tell us what results you’re after—what your inputs and loads are. 
We’ll come up with an output package to do the job efficiently and 
economically. Send your prints today! 
Fi, METRON INSTRUMENT CO. 
ei §302 So. Delaware, Littleton, Colo. PY 8-2537 DDD: 303 TWX: DN 194 
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NEW 


SLIDE 
SWITCH 


ahs S 
<a 


PLANNED PERFECTION 
RUGGED « COMPACT 
DEPENDABLE 


Circle F announces a new, high reliability slide switch. A product of 
advanced engineering techniques, this new switch features silver alloy 
contacts and silver plated rockers, with the entire mechanism en- 
closed in a dust free, Hi-Impact thermosetting plastic case 


Slow make — Slow break precision operation 
Specialiy designed non-welding contacts 


This built-in ruggedness provides the long-lasting dependable ser- 
vice so typical of Circle F products 


The new Switch — SPST — is available with screw terminals or 
with lugs designed for both soldering and push-on tabs 


It offers 2 hole mounting e 10 amp 250V A-C—15 amp 125V A-C 
e 3 amp 250V AC— 6 amp 125V A-C 
Special ratings on request 


Dept W, 1203 Rock Street, Rockford, Ilinois 
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—55 to +85 C. Components, Inc., Smith 
St., Biddeford, Maine. 


Circle 591 on Inquiry Card 


TRIMMER POTENTIOMETER 


“Cap-Pot” wire-wound unit, rated at 
0.5 watt and available to 10,000 ohms, 
measures 2 in. in diameter. Wiper 
assembly is mounted within control 


knob. Minimum space behind panel is 
required and installation on pressurized 
equipment requires no bellows bushing. 
Waterproof, dustproof, explosion and 
corrosion proof. Rated 0.5 watt; in 
linear taper. Clarostat Mfg. Co., Inc., 
Dover, N. H. 
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MYLAR CAPACITORS 


Light-weight, high-voltage units sur- 
pass MIL-C-25A, Characteristic E. 
Suitable for use from —65 to +105 C. 
Life, 10,000 hr at +65 C. Triple di- 


a 4 


electric construction to withstand high- 
voltage stress. Fifteen ranges available 
from 1000 to 50 kv d-c. Corson Electric 
Mfg., Corp., 540 39th St., Union City, 
Pi 5. 

Circle 593 on Inquiry Card 
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RIBBON-CABLE 
CONNECTOR KIT 


Kit provides design flexibility and in- 
cludes everything needed to fabricate 
assemblies with flexible ribbon cable. 


Includes “Tape-Terms” connectors sup- 
plied in several models for use in 
terminating on any type of connection 
with crimping tool which is supplied. 
Digital Sensors, Inc., 6443 No. Figueroa 
St.. Los Angeles 42. 
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MAGNETIC AMPLIFIER 


Model MAI110, high-gain self-saturat- 
ing miniature amplifier, delivers 75 
watts from 2-ma signal. Designed for 
airborne and missile use. Input, 115 
volts, 440 cps. Output, 110 volts, 75 
amp rms. Response time, 8 millisec. 


Power gain, 40,000. Meets MIL-E-5272 
C for humidity. Temperature tolerances, 
—60 to +75 C operating and —60 to 
+95 C storage. Dimensions, 3 1/16 x 
3 x 2 % in. Weight, 24% lb. Dynex 
Industries, Inc., 170 Eileen Way., Syos- 
set, N. Y. 
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Postcard return cards are pro- 
vided at end of book as a con- 
venience to the reader in obtain- 
ing further information on— 


e New Components and 
Materials 

e Literature for the Design 
Engineer 

e Feature Article Reprints 

e Advertised Products 
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VARGLAS Silicone Rubber 


SLEEVING 


Varglas Silicone Rubber Sleeving with its space-saving 
thin wall construction and precision ID, is the answer for 
insulation in the trend toward miniaturization. 

The ultimate in flexibility and dielectric strength, Varglas 
retains its protective properties over a wide temperature 
range, from minus 70° to plus 400°F. Tough and abrasion- 
resistant, this supported silicone rubber sleeving resists de- 
terioration and “cut through”; will not crack or craze. Di- 
electric protection provided up to 8,000 volts and certified 
to meet government specification MIL-I-18057A. 


Available in brilliant, non-fading colors for instant, easy 
color-coding in a complete range of sizes from .010” to 3” 
ID, and obtainable in coils or on spools as well as in in- 
dividual 36” lengths. Deliveries made promptly off-the-shelf 
or produced on order within one week. 

Let Varflex engineers work with you in developing special 
types of sleeving and tubing to meet your particular speci- 
fications. No obligation. 

Se 

8 
@ WRITE FOR FREE FOLDER Containing Test Samples < 

~ 


3 ey 
% 
Nar 


Makers of Electrical Insulating Tubing and Sleeving = 


Vi . i ss 
Never Satisfied Until You Are 


VARFLEX SALES CO., Inc. © 309 N. Jay St., Rome, N. Y. 
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Sa Ulira- 
He! §=©6 SENNSLtlVe 
~ relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 
of the hundreds of ways many manufac- 
turers utilize Micropositioner® polarized 
relays to solve complex control problems. 


POSITION CONTROL WITH 
TRANSISTORIZED MICROPOSITIONERS * 


The MYZA transistorized polar relay 
is a Barber-Colman Micropositioner 
with a built-in preamplifier so that it 
requires greatly reduced input power 
to operate the contacts. 

The MYZA relay is particularly use- 
ful in positioning circuits where trans- 
mitting and follow-up potentiometers 
are necessarily small and have a limited 
power capacity or where a high degree 
of accuracy must be achieved. 

With the circuit illustrated above, 
the position of transmitting potentio- 
meter, R1, can be indicated within 0.1 
per cent. Movement of R1 provides an 
input error signal to the MYZA relay. 
The relay contacts energize a motor 
coupled to the follow-up potentiometer, 
R2, in order to balance the bridge. 
Both potentiometers are shorting types. 
Power required in a 25-volt system is 
on the order of .1 watts, with as little 
as .01 watts dissipated in the bridge. 

MYZA relays are custom-engineered 
to the requirements of each application. 
Write for technical Bulletin F7754-2. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking . .. magnetic 
latching “memory” 
...and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 
DEPT. W, 1803 ROCK STREET, ROCKFORD, ILLINOIS 
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‘Laboratory and 
Engineering Equipment 


| SWITCHING AND 
BALANCING UNIT 


Type 525 unit with 10 channels provides 
a means for bridge balancing and 
quickly switching strain gages or gage 
configurations into a strain indicator. 


Selectivity for gage resistances of 60 
to 500 ohms on full bridge, 60 to 2000 
ohms on half bridge. Balancing range 


| of +7000 microin. per in. Weight, 12 


> 


ib. Formica case. 13 in. wide x 8% in. 


high x 714 in. deep. Baldwin-Lima- 


| Hamilton Corp.. 42 4th Ave., Waltham 


54. Mass. 
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D-C AMMETER 


| Model 428B wide-range milliammeter 
| measures direct-current 
rupting or 
| range 


without inter- 
loading circuit. Current 
is 0.3 ma to 10 amp in 9 
steps; handles most signals directly. 
To measure lower current values, 


several loops are put through the 
probe. Measures sums or differences 
of currents in separate wires. Output 
voltage, proportional to meter deflec- 
tion, drives recorders or permits low 
frequency measurements over band- 
width of d-c to 300 cps. Hewlett Pack- 
ard Co., 1501 Page Mill Rd., Palo Alto, 
Calif. 

Circle 597 on Inquiry Card 


HEAT DISSIPATOR KIT 


Kit containing representative types of 
semiconductor coolers includes natural 
convection units and forced convection 
modular package. Kit contains com- 
plete units and modular components, 


enabling testing using circuits within 
given physical layout and environmental 
requirements. Complete technical data 
is supplied for each cooler model which 
outlines theory as well as_ practical 
techniques for temperature, power, and 
air flow measurement. Semiconductor 
Cooling Div., Wakefield Engineering, 
Inc., Wakefield, Mass. 
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DIGITAL-PATTERN 
GENERATOR 


Solid-state test instrument provides ad- 
justable time division pulse pattern of 
nearly any description. Tests and 
checks circuit and subsystem develop- 
ment of digital computers, teletype 
multiplex systems and data logging 
systems. Output wave form can be 
varied in number of pulses and ampli- 
tude of pulse. Pulse-pattern or indi- 
vidual pulses can be inverted. Weighs 
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A leading manufacturer of electrical equipment 
finds poor insulation causes 95° of all electrical 
failures, so doesn’t it make sense to use epoxies to 
end insulation problems? For example: Epocast 
electrical insulating materials cost less than 5° of 


r 


originalequipment cost; yet can not only save you the 


cost of the equipment but prevent failure of entire systems. 


Write now for free brochure, there’s an Epocast 
formula that will provide a solution to any 
insulating problem you might have 

/ 
Write now 
for free electrical | 
properties brochure ~~ 
LYyp, 
i 
— ‘furane plastics) | Aesemasnns” 


INCORPORATED ~~ 


4516 Brazil Street, Los Angeles, California CHapman 5-115] 
42 Chasner Street, Hempstead, Long Island, N.Y. IVanhoe 3-6246 
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Need help 
on 

Casting Resins 
Embedments? 


e Are you having trouble evaluating epoxy resins 
or silicone encapsulants for some critical element 
of your product or system required to operate 
under rigorous and extreme conditions? The help 
you need could be at your fingertips in the 
ELECTRO-TECHNOLOGY design compendium, Cast- 
ing Resins and Application Techniques for Em- 
bedment, Encapsulation, and Impregnation. 


e This 44-page design manual brings together, 
in one handy reference booklet, seven of the most 
informative technical articles on the subject which 
have appeared in the pages of this magazine over 
the past several years. It includes also a valuable 
bibliography on the overall subject of electrical 
insulation and dielectrics. 


Order your copy now, by using 
the handy form on page 149. 


Price $1.00 per copy, postpaid 
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Now! End Cord and 
Cable or here 


RIPMASTER 


\ STRAIN 
7 \ RELIEFS 


® Permanently anchor 
exterior conductors 
e Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 

your cord and cable failures PERMANENTLY 

wherever exterior conductors supply the 

power! Available in several types. i? 

oe 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


—, Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 
CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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Manufacturers of 


Experienced Hands — 
...@ NEW NAME! 


Offering YOU an Unusual Service 
on Unique, Fine Quality Relays 


ISN’T often that you will find an accumulated 300 years 
| et technical experience in a company with a brand new 
name. That is what we proudly have in the Mossman-Elliott 
Corporation . . . adding up the years our management, design 
and engineering, production, assembly and testing personnel 
have devoted to the relay business. When you combine that 
“*know-how” background with the newest, modern facilities 
in plant and equipment, the result is something your company 
can profit by ...if you need fine quality, dependable relays 

.. want unique features like heavy duty bearings, glass- 
Tefion bushings, and all-precision components that assure long 
operating life. These unusual features in standard-type Monitor 
relays are part of the quality we have to offer . . . they are not 
found in ordinary relays. Actually every Monitor Relay is 
“custom built’ to your exact specifications and requirements 
from many available combinations. Other very important 
reasons for you to investigate this newest source for relays is 
the rapid service we can give you with most economical price 
quotations. Write and tell us about your relay requirements . . . 
you will profit by it. 


MOSSMAN-ELLIOTT CORPORATION 


Monitor RELAYS @¢ SOLENOIDS 


ELECTRO -MECHANICAL DEVICES 


206 SOUTH LARKIN AVENUE, JOLIET, ILLINOIS, U.S. A. 
TELEPHONE: JOLIET 725-2241 (AREA CODE 815) 
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35 lb, measures 17 x 1214 x 101% in. 
Government & Industrial Div., The 
Magnavox Co.. Urbana, IL. 
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EXPANDED-SCALE 
RECORDING VOLTMETERS 


Solid-state units use permanent-magnet 
moving-coil measuring system. Upper 
quarter of voltage range covers upper 
80 per cent of the chart width. Re- 


mainder is concentrated in non-cali- 
brated, non-linear 20 per cent of chart. 
Mechanical and electrical zero facili- 
tates instrument check and no-voltage 
test. Accuracy, +1 per cent of full 
scale. Response speed, 4% sec for full 
recording of voltage change. Esterline 
Angus Instrument Co., Inc., P. O. Box 
596, Indianapolis 6, Ind. 
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ABSORPTION DYNAMOMETER 
Series 1200 unit applies a restraining 
torque to motors and measures the ap- 
plied torque. Magnetic interaction takes 
place between the hysteresis brake’s 
motor and stator through a variable 
electromagnetic field. A photo-electric 
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ARNOLD/TOROIDAL COIL WINDER 


sets up quickly...easy to operate... 
takes wide range of wire sizes 


SPECIFICATIONS: LABORATORY USE 


Min. finished hole size: .18 in @ Change wire and core size 
Max. finished toroid O.D.: 4.0 in in 45 sec 

Winding speed: 1500 turns/min 
Wire range: AWG 44 to AWG 26 
Dual, self-checking turns 
counting system 

Loading (wire length) counter 
Core range: 4” |.D. to 4” 0.D in 20 sec 
to 144” high 


PRODUCTION USE 


® 1500 turns per minute 
© Insert core and load 


$1200.00 includes all rings, counters and accessories 


immediate delivery. literature on request 


ARNOLD MAGNETICS CORP. 


50 W. Jefferson Bivd., Los Angeles 16, Calif 


VErmont 7-5313 
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ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts ® Density: 1.30 — 1.35 
per mil ® Thickness from .004” to .030” 
® Tensile strength — 13 — 16,000 © 100% rag stock paper 
Ibs./Sq. In. ® No sizing or fillers used. 
“Glazed roll” finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 
COPACO — Highest grade 100% rag insulation paper 
COPAREX — Economical grade 100% rag insulation paper 


COPALAM — Class 8 asbestos — glass laminate insulation 
material 


Write for free samples, literature and name of 
nearest Cottrell representative. 


COTTRELL Uip0r Company Inc 


10 Purchase St. Fall River, Mass. 


470-9 
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Greater 


Holding Power! 


Easier, 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 


er 
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Gibson Atomiclad* Electrical Contact Rivets 
now available in economical Gibson Assemblies 


ATOMICLAD RIVETS ARE LOWER COST 
BECAUSE IT COSTS LESS TO MAKE THEM 


And they’re BETTER because their bond of dispersed atoms of the 
precious contact metal and the base metal of the body is electrically 
and mechanically superior to other bonding methods. Cost is further 
(Gerninrt i reduced by limiting use of precious metal to electrical requirements 
! of the contact. 
Atomiclad Rivets are made in all standard forms and of copper, 
steel or other base metal with contact face of precious or semi- 
maint Gar eeaneeet precious metals 
INTEGRATION Many sizes and types are stocked in quantity. Write for Standard 
sieuts pending Stock List +2007, and for Technical Information Bulletin 400. 


ECONOMICAL GIBSON 
CONTACT ASSEMBLIES 


Gibson contact support manufacturing facilities include every 
phase—forming, riveting, heat-treatment and electroplating 
and comprises use of any specified metal. 

When you specify Gibson Contact Assemblies, you get the 
benefit of years of engineering know-how in prov iding the 
best possible electrical union between contact and support 
member. Since all assemblies are Gibson-inspected, the cus- 
tomer suffers no loss through assembly rejects. 

Gibson Engineers will design your complete contact assem- 
bly upon receipt of specifications. Or send your drawings for 
fabrication costs. If you prefer your own support member, 
send a sample for assembly cost. 

* ATOMICLAD—Trademark Gibson Electric Company 


GIBSON ELECTRIC SALES CORP. 


CONTACT oe 


ELECTRICAL CONTACTS 
Since aa et 


BOSTON CHARLOTTE CHICAGO CLEVELAND DAYTON 
DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH 
ROCHESTER ST. LOUIS SAN FRANCISCO SEATTLE 


any ert 


ree = Oars 


FOR BETTER ORGANIZA TION 


—a Permanent Binder 
for your Reprint Copies 
of ‘Science & Engineering” 


See Order Form 
on page 149 





tachometer eliminates mechanical con- 
tact between the shaft and transducer. 
Accuracy within 1 per cent. John 
Chatillon & Sons, 85 Cliff St., New 
York 38. 
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METER CALIBRATION SUPPLY 


Portable Model 5890LW supply has 
prime application as accurate a-c or 
d-c voltage source for meter calibra- 
tion. Applications include calibrating 


voltmeters, as a source of power to 1 
watt, and as a voltmeter in the 0 to 100 
volt range. Accuracy is +0.25 per cent 
of set voltage above 0.01 volt, +0.12 
per cent of set voltage below 0.01 volt. 
Tensor Electric Development Co., Inc.. 
1873 Eastern Pkway., Brooklyn 33. 
em 
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ROTARY ACCELERATION 
GENERATOR 


Twenty-in. diam spin table, designated 
Model RA-ATC-500-1, tests dynamic 
characteristics of instruments from 3 
to 500 g-lb. Generator employs dual 
controls to provide infinite variable 
platform speed within operating range 


of 10 to 2000 rpm. Slip ring noise is 
1 pvolt max at 1 ma. Enables symet- 
rical loading for static and dynamic 
balancing. System accuracy is 0.5 per 
cent over full range. Vibrational reso- 
lution is 0.02 g. Drive system uses 34 
hp d-c motor from a 115-volt, 60 cps 
power supply. Pacific Scientific Instru- 
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Eliminate ‘high-cost specials’ by standardizing — 
on AMERICAN STOCK GEARS 


Investigate and you'll probably find that instead of 
having to go to the added time and expense of ordering 
special gears, that your needs can be filled from the 
American line. 

American is a complete stock gear line. It includes 
brass, bronze, steel, semi-steel, cast iron, and non-metallic 
gears in a range of 48 to 3 diametral pitch. Available from 
your nearby distributor of American Stock Gears. 

Ask for FREE copy of American Stock Gear Catalog No. 360 
containing detailed information and engineering dota. 


AMERICAN STOCK GEAR division 
Perfection Gear Co., Harvey, Illinois 
Circle 259 on Inquiry Card 


rformance 
and Price 


Cost-conscious manufacturers will find many cost-saving 
advantages offered by NICE Ball Bearings. NICE can provide 
a complete range of standard or custom designed unground, 
semi-precision and precision bearings—and Product De- 
signers can select bearings that insure a properly func- 
tioning product, yet one that is economically produced and 
competitively priced. 


When cost is a problem... yet quality is a MUST 
... try NICE, for Performance and Price 


NICE BALL BEARING CO. 


Ga Rage sea ead Lee IL 
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A FULL LINE OF ESSEX “STANDARD* 
APPLIANCE WIRE and CABLE 


engineered to your 
“special” applications 


ret ab | en eG 
ee 
4 ANAS 


| 


SX aa dL: 


(A) THERMOPLASTIC Plastics used for this 
group cover 80°C, 90°C and 105°C tem- 
perature ratings. U.L. approval on all items. 
C.S.A. on 9O°C and 105°C except on sizes 
No. | AWG and larger 


(8) RUBBER AND BRAID Essex P-300*% 
is a 75°C rubber insulated, cotton braided, 
lacquered wire, both U.L. and C.S.A. approved, 
most commonly used with the usual baking 
cycles for motors, coils, transformers. 


(C) NEOPRENE Essex N-900 is a 90°C neo- 
prene insulated lead wire available with color 
coated sirface for easier identification. U.L, 
oppro’ed. 


(D) SILICONE Essex Sil-X® has a silicone 
rubber insulation, a glass braid, and lacquer 
finish. U.L. approved for both 150°C and 
200°C ratings, dependent on application and 
conductor stranding. Available with C.S.A, 
approval on special order. 


A REFRIGERATION AIR CONDITION- 
ING APPLIANCE WIRING MATERIAL 


(A) THERMOPLASTIC Oil and flame resist- 
ant; has high dielectric and mechanical strength 
strips easily; colors are bright and permanent. 
Produced in several temperature ratings. U.L. 
and C.S.A. approved and is available with 
moisture resistant approval. 


(B) NEOPRENE Provides high resistance to 
oil, grease and alkalies. Particularly suitable 
for industrial uses. 


(C) RUBBER The 60°C and 75°C rubber 
insulation applied over tinned copper conduc- 
tor is excellent and economical for internal 
wiring where no extra protection against oil 
and higher temperature is necessary. U.L. and 
C.S.A. approved. 


S$% _—s FLEXIBLE CORDS 


(A) RUBBER Types S, SJ and SV portable 
and supply cords. Smooth flexible, tough and 
abrasive resistant, -vill provide years of trouble 
free operation. 


(B) NEOPRENE Neoprene cords are iden- 
tified by U.L. as types SO and SJO. Provide 
high resistance to oil, grease and alkalies, It is 
particularly suitable for industrial uses. 


(C) THERMOPLASTIC ST, SJT and SVT 
thermoplastic insulated and iacketed cords are 
not affected by oils and greases and are highly 
resistant to alcohols, acids and most chemical 
solvents. 


S$ POWER SUPPLY CORDS 


A parallel 60°C, U.L. and C.S.A. approved 
polyvinyl insulated power supply cord that car 
be produced in numerous attractive colors to 
blend with todays’ appliance color schemes. 
The center or ground conductor is a separately 
insulated wire with 44" insulation thickness. 
U.L. and C.S.A. approved. 


$% HERMETIC LEAD WIRE 


Now available with Dacron-Mylar-Dacron in- 
sulation for higher dielectric strength, smaller 
diameter with less bulk, easier stripping. 


f 
| Write for illustrated brochure covering complete appliance wire and cable line. 
| identify your requirement by UL style no. reference. 


Ss ESSEX 


Wire Corporation 
INDUSTRIAL-APPLIANCE WIRE PRODUCTS 
Sycamore, Illinois 
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fractional 
Molon horsepower Motors 
CUSTOM MANUFACTURED TO YOUR SPECIFICATIONS 
Insure Better Product Performance 


Be 
, 


ws . fr 
> 


oe 


TYPE YGM 
HEAVY DUTY 
GEAR MOTOR 
Ta 
Tre 


TYPE WGM 
WORM REDUCTION 
GEAR MOTOR 


TYPE ZGM TYPE ZGM 
CLUTCH GEAR MOTOR CLUTCH GEAR MOTOR 
Short Mounting Long Mounting 


~ 
TYPE HGM 
HELICAL GEAR MOTOR 
Long Mounting 


TYPE ZMO TYPE SMO TYPE HGM 
SKELETON MINIATURE SKELETON MOTOR HELICAL GEAR MOTOR 
MOTOR Available with Gear Box Short Mounting 


TYPE QMO 
REVERSIBLE 
SKELETON MOTOR 


TYPE QAM 
REVERSIBLE GEAR MOTOR 
Totally Enclosed 


TYPE ZGMB 
GEAR MOTOR 
With Solenoid Brake 


TYPE QGM 
REVERSIBLE 
GEAR MOTOR 


Cost-Saving Mounting Accommodations for Easy Installation 


From 1/500 to 1/40 hp., Molon offers a wide range of 
low-cost fhp motors, standard or special . . . skeleton 
type or gearmotors. Built-in mounting features cut in- 
stallation costs. Fast deliveries. Simply send your specs 
for our recommendations. No obligation. Write today. 


Molon Motor & Coil Corp. 


3737 industrial Avenue ¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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ment Labs, 5707 Centinella, Culver 
City, Calif. 
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ELECTRONIC ANALOG 
MULTIPLIER 


Model 160 units with static accuracy 
of 0.15 per cent and simplified circuit 
design are available for expansion of 


d-c systems operating between +100 
volts or as independent units, on in- 
dividual boards and in three, six and 
20 unit chassis. Output of multiplier 
is a current to drive an operational amp- 
lifer to XY/100. Applied Dynamics, 
Inc., 2275 Platt Rd., Ann Arbor, Mich. 
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TEMPERATURE 
TEST CHAMBER 


Model PR portable or rack-mounted 
chamber, for product or component 
testing, operates from —100 to +600 
F. Removable flanges are included with 
each chamber for mounting in standard 
19-in. rack panel. Test volume is 


greater than 1000 cu in. Temperature 
control is accomplished by indicating 
thermostat in conjunction with forced 
air system. Chambers have 2-in. insula- 
tion, silicone door seals. Gruenberg 
Electric Co., Inc., 9 Commercial Ave.. 
Garden City. N. Y. 
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Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
on— 

* New Components and Materials 

¢ Literature for the Design Engineer 

« Feature Article Reprints 

* Advertised Products 
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FLAMELESS BLOW TORCH 


FOR QUICK HEAT 
uP To 1000° F. 


For applications requiring quick concentrated heat 
biast up to 1000° F. without flame. Soften, form, 
mold and patch plastics, etc. Temperature varied by 
air intake adjustment. 110-230 V. At De n 

sire plug. All 110 V. models equipped with adapte 
tur 2-prong receptacle. & ft. heavy duty cord 
mittent duty 

Model HG 501—500° F.—115\ $41.25 
(Others $37.25 to $62.75) 

Other models available with lower temp. ranges 


Most of the big names in industry use MASTER 
in laboratories or in production 


AIR HEATER BLOWER 


For quick electrically heated air up 
to 750° F. For accelerating drying 
Processes or for tocalized heating 
B.T.U. 3400 Air velocity 2000 FPM., 
110-230 V. AC only, 3 wire plug. All 
110 V. models equipped with adapter 
for 2-prong receptacle. 8 ft. heavy duty 
cord. Continuous duty. 2” dia. x 3” long 
discharge nozzle. 


Model AH 501—500° F 115V—$55.35 
Others $52.25 to $83.25) 


Write today to Dept. 201-K 





NO OTHER REFERENCE CONTAINS SO MUCH DATA 
ON PERMANENT MAGNETS! The 346 pages of this 
Crucible Permanent Magnet Handbook offer the assist- 
ance you need to design permanent magnets into hi-fi 
and TV systems, generators, motors, meters, compasses, 
magnetic tools and hundreds of other instruments and 
components. 

Entire chapters discuss the subjects of permanent 
magnet design, measurements, ferromagnetism, electro- 
magnetism, magnetization, and the analyses of 60 
different magnet materials. For your copy of this Per- 
manent Magnet Handbook, send check or money order 
for $10* to Crucible Steel Company of America, Four 
Gateway Center, P. O. Box 88, Pittsburgh 30, Pa. 


“Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 
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_NOW...call your: 


LARE 


RELAY 
DISTRIBUTOR 


for 
immediate delivery 
at factory prices 


Here’s what this new CLARE service 
means to you: 


Top quality—the same fine design and 
long life you get in CLARE custom-built 
relays and switches 


Fast service—overnight delivery on 
many items 


Easy purchasing—because you can order 
CLARE devices along with other 
components 


Able engineering assistance—available 
through CLARE field engineers, working 
in close cooperation with CLARE 
distributors 


When standard CLARE relays or switches meet 
your needs, distributor service saves you time, 
costs no more. When your special needs require 
custom design and production, CLARE custom- 
built devices give you exactly what you require. 


FOR NAME OF YOUR NEARBY DISTRIBUTOR 
write or call C. P. Clare & Co., 3101 Pratt Bivd., 
Chicago 45, Illinois. Cable Address: CLARELAY. In 
Canada: C. P. Clare Canada Ltd., 840 Caledonia 
Road, Toronto 19, Ontario. In Europe: Europelec, 
les Clayes-sous-Bois (S. et O.), France. 


CLAIRE 


Relays and Related Contro/ Components 


Circle 265 on Inquiry Card 





PRODUCT INDEX 


pe 


Components, parts and materials described in this issue’s editorial and advertising pages. 


Key: page number only indicates advertisement; letter ““e” with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Brakes—15 2¢ 


Capacitors—60. |! 
180e, 188e, 198e 
242e 


Clutches—152e, 156« 


Contact devices 


Brushes and 
19Ge, 198 


Commutators—206e, 256 


Contacts and contact points— 
24, 223, 230, 248 


Scanners—152e 


brush bholders— 


Control sytems—175 


Cooling equipment—16Ge, 19%4e, 


210e, 244e 
Counters—154e, 16Ge, 214e 


Electron tubes 
Counter—225 
Glow lamps—234 
Power—160e, 178e 


Fans and blowers—142, 205e 
Filters—200¢e 

Gyros—172e 

Heating elements— 1 90e 


Lights, indicator—57, 165e, 178e, 
185e, 210e, 212e, 220 


Magnetic amplifiers—15Ge, 174, 
180, 243e 


Magnetic components 
Bobbins and core boxes—241 
Coils and windings—170e, 237 
Laminations—56, 191 


Permanent magnets—lInside 
front cover, 173, 251 
Shielding—188, 224e, 229e 


Meters, panel—4, 152e, 168e, 231 


Microwave devices—152e, 154,e 


155e, 172e, 217e 


Protective devices 


Circuit breakers—1 
229e 


Fuses and bolders—18\ 


206e, 


Reader, photoelectric—198¢ 


Relays 
General purpose—5, 40, 154e, 
167, 189, 230e, 246, 251 
Hermetic—152e 
Industrial—33, 55, 165e, 172, 
200e 


Latching—180e, 232¢ 
Mercury—143, 190 
Miniature—40, 241e 
Reed—143, 196 
Special—171, 227, 244e, 246 
Telepbone—217 
Time delay—40, 160e, 206e., 
210 


Resistors—137, 152e, 155e, 160e, 
184e, 194e, 210e, 223e, 232e, 
238, 242e 


Seals and terminals, hermetic— 
2 226¢e 


< ’ < 


Semiconductor devices 
Photocells—178e 


Rectifiers and diodes—%6, 153, 
187, 190e, 20Ge, 215, 218¢, 


232 


252 


Transistors—15, 34, 38, 150, 


155e, 156e, 179 


Servo components—186e, 192e, 
200e, 217e, 234e, 24le 


Solenoids—198, 235 


Static switching elements—229, 
232e, 238e 
Switches 
Controllers and contactors 
222 


eLe 


Flow—190e 

Lever—217 

Limit—39, 180¢ 

Pushbutton—156, 208e, 212e, 
217 


Rotary—180e 
Slide—242 

Snap action—178e 
Special—2l4e 
Stepping—217 
Toggle—51 


Telephone handsets—2 17 


Timers—155e, 15Ge, 160e, 180e, 


218, 233, 235 
Transducers 
Acceleration—220¢e 
Pressure—134e, 165e 
Rotary displacement— 186 
Strain—168e 
Thermostats—223e, 


Transformers—47, 139, 224¢ 


230¢€ 


Wire and cable—238e 
Assemblies—154e 
Hookup—226e, 238e, 2 
Magnet—9, 59, 147, 2 
Power—249 


a9 
24e 


Wiring devices 


Cable clamps and clips—236e, 
245 


Connectors—158e, 183, 233. 
243e 

Cord grips—193 

Cord sets—197, 209, 212¢ 

Grommets—142, 245 


Plugs and 
208e, 217, 218e, 236e 


Terminals—231, 247 
Terminal blocks—165e, 1%Ge, 
237 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


Actuators—234e, 238e 
Bearings— 169, 239, 249 
Clamps—220e 
Counters—188e, 254 
Dials—226e 


Fasteners 
Bolts and nuts—1\90, 21\2« 
Inserts—192e 
Pins—165e 
Screws—190 


Gears—155e, 170e, 19Ge, 249 
Hinges—178e 


Housing and 
224e 


Knobs, handles—178e, 231 


jacks—152e, 205, 


enclosures—194, 


Employment—170 
Engineering—145 
Transportation—25 


Mounting hardware 
208e 


156¢ 


Pivots—130e 


Plastic parts—152e, 172¢ 
Pressure regulator— | 66c 
Reels—166e 
Sea!s and gaskets— 1 OS« 

Shock mounts—17 2¢ 
Springs—205e 
Washers—154e, 190 
COMPUTERS AND 
COMPUTING COMPONENTS 
Converters—212e 
Delays—154e 

Digital modules—1, 152e, 226¢e 
Read-in, read-out devices—220e 
DRAFTING MATERIALS AND 
EQUIPMENT 


Copiers—20 
DRIVES 
Electrical—29, 138, 16G6e, 236e 


Mechanical 

Constant speed—18Ge, 241 
INSTRUMENTS AND TEST 
EQUIPMENT 


174e, 
220e, 


160e, 


217e. 


Amplifiers — 152e, 
180e, 186e, 200e, 
24le 

Calculators—214 

Environmental chambers—170e, 
250e 

Generators, electronic—155e, 160e, 

185e, 244e 

168e. 244e, 


Meters—152e, 154e, 


246e 

Power supplies—129, 152e, 154e, 
155e, 15Ge, 160e, 165e, 168e, 
178e, 180e, 216, 223 

Recorders—Back cover, 164, 246e 

References—192e 

Special test equipment—10, 152, 
152e, 154e, 158, 158e, 165e, 
170e, 244e, 24G6e, 248e, 250e, 
255 


Tachometers—140, 156e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


133, 
201, 


Conductive materials - 37, 
155e, 158e, 170e, 186e, 
205 


Epoxy hardeners—15Ge 
Insulation and dielectrics 
Casting resins—-152e, 155, 178e, 
213, 223e, 245 
Ceramics and glass—53 
Fabricated parts—(see: Services) 


Fiber—44, 199, 236 


Laminates—27, 152e, 166, 
Mica—53, 135 
Molding compounds —58 
18G6e, 205 
) 


Paper—156e, 247 
Plastics Laminates—A4 
Tape—44 
Tubing—10, 44, 243 


Magnetic materials 
Alloys—30, 17 4e 


Electrical steel—-52 l°4e 


Silicones—213 


Wire and cable—(se« Compo 
nents, Electrical/Electronic ) 


MATERIALS, 
MECHANICAL /STRUCTURAL 


Adhesives—231 


Fabricated parts—/(see: Services) 


Metal forms 
Tubing—160 


Metals 
Alloys, general—\16O0 
Clad metals—228 


Copper, brass. 
157, 160 


bronze 


Non-metallic materials 
Glass—154e 


Lubricants—166e 


MOTORS AND GENERATORS 


Fractional-hp motors—3l1, 159, 
170e, 203, 226, 250, 253 


226, 


Gearmotors—180e, 200, 208, 
250 


Generators—226, 253 
Instrument— 168 


Integral-hp motors—155e 


Special—31, 159, 170, 185, 


250 
2, 159 


Synchronous motors 


PRODUCTION EQUIPMENT, 
TOOLS 

Coil winding—247 

Lacing tape—174 

Layout fluid—237 

Marking devices—230e 
Processing equipment—165, 251 
Wire strippers—253 

back 


Wiring machines—Inside 


cover 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


2 


Ceramic parts—195, 208, 
253 


Coil Winding—235 


SERVICES, MISCELLANEOUS 


Data processing—49 


ELECTRO-TECHHOLOGY 





electrical porcelain 


Built to your Drawings and Specifications 
SEND US YOUR INQUIRIES 


"2725 CORY AVE., AKRON 14, OHIO 


Circle 267 on Inquiry Card 


1/250 to 1/8 HP. Open, Fan-Cooled, Enclosed 


Shaded Pole Motors 


Also Gearmotors and Shaded Pole Blowers 


Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/8 HP in open, 
fan-cooled, totally enclosed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.’s write for Bulletins 207, 304 and 705. 


Write for Wholesale Catalog and O.E.M. Deal 


69 WAREHOUSES COAST-TO-COAST 


W.W.CJRAINGER,INC. 


DEPT. 251-D, 118 S. OAKLEY BLVD., CHICAGO 12 
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STRIP WIRE FAST-- 


EVEN TOUGH TEFLON* 


WITHOUT 
, A NICK! 


CUSTOM 


-“STRIPMASTER” 


Patented, No. 2,523,936 


Quickly, Safely Removes 
“Problem” Insulation from Wire 


Now strip the toughest insulation 
from any wire with just a gentle, 
harmless squeeze. With Ideal Custom 
Stripmaster, matched sets of 
counterbored blades—precision 
drilled on watchmaker’s equipment to 
fit wire sizes exactly are designed to 
ride on cut insulation, and eliminate 
wire nicking and scraping. Firm 

grip of jaws prevents insulation 
damage. Wire is stripped absolutely 
clean up to a full %”. 


Optional transparent wire stop quickly 
adjusts so that you strip off the 
exact amount of insulation you want 
every time. Perfect for fast, accurate 
production line stripping. 


Custom Stripmasters come in three 
models for 10 to 14, 16 to 26, or 
26 to 30 wire gauges. 


SOLD THROUGH *Reg. Trade Mark of DUPONT 


AMERICA’S LEADING 
DISTRIBUTORS The Custom Stripmaster is 
just one of a — = 
o of Ideal strippers including 
In Canada: Thermo-Strip and high-speed 
Irving Smith, Ltd., electrically powered motets 
for every insulation-remova 
— need. WRITE FOR NEW WIRE 
STRIPPER BROCHURE. 


pocccccc-l- 


IDEAL INDUSTRIES, Inc. 

1008-K Park Ave., Sycamore, Ill. 
Please send me a copy of your new 
WIRE STRIPPER BROCHURE 


Name 








Company. 


Address___ 





City _— saan Oo - 
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DURANT 


SL 


DIGITAL 


Electro-Technology 


Pormerly Electrical Manufacturing 


205 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager NEW ENGLAND, Ridgefield, 


READ-OUT 
COUNTERS 


© Sub-miniature additions to the 
popular “Y” and “D” Series 
High speed range —low torque 
Black wheels, white figures. 
Other colors available 
Right or left hand drive — 
either direction 
3, 4, and 5 figure counters are 
standard. Additional figures 
and special combinations avail- 
able 
Direct drive to unit wheel. Ten 
counts to one revolution of the 
drive shaft 
Zamak die cast one-piece frame 

60°C to +85°C temperature 

range. Meet most military 
specifications 
Your answer to an infinite 
number of variable demands for 


PRECISION READ-OUT. 
Send for Catalog No. 400 
DURANT MANUFACTURING CO. 


1962 N. Buffum St., Milwaukee 1, Wis. 
62 Thurbers Avenue, Providence 5, R. I. 


Ow, ANT 


AL ROSE, Sales Promotion Manager 


ZONIA M. DOBRIAN, Advertising Service Mgr. 


CHICAGO, 737 No. Michigan Ave. 

John T. Dix, Director of Midwest Operations 
David Jealous, Regional Sales Mgr. 

Charles P. Gass 


BEVERLY HILLS, 8665 Wilshire Blvd. 
John C, Clemens 


Kenneth F. Fairleigh 


NEW YORK, 205 Fast 42 Street 
James J. Sullivan, Regional Sales Mgr 
Robert A. Kuhn 

Edward H. Nelson 


CLEVELAND, 3/01 Euclid Avenue 
L. S. Hamaker, Jr. 
Richard M. Morrow 


INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the con- 
venient Reader Inquiry Service postcards at end of book—or write directly to advertiser. 


ACF Electronics Div., ACF Industries 
Air Express Div. of R.E.A. Express 
Akron Porcelain Co. 

Allen-Bradley Co. 

Allis Co., The Louis 


Amco, a div. of American Metal 
Climax, Inc. 


American Cyanamid Co., 
Plastics and Resins Div. 


American Stock Gear Div., Perfection 
Gear 


Am henol-Borg Electronics Corp., 
mnector Div 


Anaconda American Brass Co. 157 
Anaconda Wire & Cable Co. 147 
Armco Div., Armco Steel Corp. 30 


Arnold Engineering Co., The 
Inside Front Cover 


Arnold Magnetics Corp. . 247 
Ashland Electric Products, Inc. 170 
Assembly Products Inc. 4 


Automatic Electric Sub. of General Tele- 
phone & Electronics 


Barber-Colman Co. 226, 244 
Beckman Instruments, Inc., Helipot Div. 168 
Belden Manufacturing Co. 197 
Bodine Electric Co. 2 


Brush Instruments Div. of Clevite Corp. 
Back Cover 


Inside Back Cover 
Bussmann Mfg. Div., McGraw-Edison Co. 181! 


Burndy, Omaton Div. 


Chatillon & Sons, Inc., John 

Christie Electric Corp. 

Circle F Mfg. Co. 

Clare & Co., C.P. ... 

Conover-Mast Purchasing Directory 240 


Continental- menos | Fibre Corp, A Sub. 
of The Budd Co. 41, 42, 43, 44 


Controls Co. of America, 
Control Switch Div. 57 


Coors Porcelain Co. 

Cornish Wire Co. 

Cosmo Plastics Co. 

Coto-Coil Co., Inc. 

Cottrell Paper Co., Inc. 
Crucible Steel Co. of America 
Curtis Development & Mfg. Co. 


Dano Electric Co., The 


Daystrom Incorporated, Weston 
Instruments Div, 


Delco Radio Div. of General Motors 
Del Electronics Corp. 

Detroit Coil Co. 

Dialight Corp. 

Dormeyer Industries 

Durakool, Inc. 

Durant Manufacturing Co. 

Dykem Co., The 


E-T-A Products Co. of America 


Elastic Stop Nut Corp. of America, 
Elizabeth Div. 


Electrix Corp. 


Electro-International, Sub. of Electro In- 
struments 


Electro Products Laboratories 
Electro-Seal Corp. 
Engineered Electronics Co. 


Essex Wire Corp., 
Industrial-Appliance Wire Products 


Fairchild Semiconductor, A Div. of Fair- 
child Camera and Instrument Corp. 


Fansteel Metallurgical Corp. 
16, 17, 18, 19, 20, 21, 22, 23, 2 


Friden Inc. 


Furane Plastics Inc. 


General Dynamics /Telecommunications 


General Electric Co. 
Apparatus Sales Div. 45, 202, 2 
Chemical Materials Dept. 154, 
3 Current Motor and Generator 
ept. 
Biieiomane Lamp De 
Silicone Products ios. 


General Industries Co., The 

Gibson Electric Sales Corp. 

Globe Industries, Inc. 

Grainger, Inc., W. W. 

Gries Reproducer Corp. 

Guardian Electric Manufacturing Co. 
Gudebrod Bros. Silk Co., Ine. 


Hagen Manufacturing Co., A Div. of The 
Gamewell Co. 233 


Handy & Harman 201 


REPRESENTATIVES IN PRINCIPAL CITIES | 


Cutler-Hammer, Inc, Haydon Co., The A. W. 256 


254 Circle 270 on Inquiry Card ELECTRO-TECHNOLOGY 





Heinemann Electric Co. 


Hevi-Duty Electric Co., A Div. 
Products Corp. 


Heyman Manufacturing Co. 
Hickok Electrical Instrument Co., The 
Hoover Ball and Bearing Co. 


of Basic 


IBM Data Processing 48, 


Ideal Industries, Inc. 233, 25 


Indiana Steel Products Div. of 
General Corp. .. 


Indiana 


International Rectifier Corp. 


International Telephone and Telegraph 
Corp., ITT Semiconductor Dept., Com- 
ponents Div. 


Johns-Manville 
Johnson Co., E. F. 


Kearfott Div., General Precision, Inc. 
Kepco, Inc. 

Kirk & Blum Mfg. Co., The 

Krueger & Hudepohl, Inc. 


Lamb Electric Co. 
Leach Corp. 

Ledex, Inc. 

Leeds & Northrup Co. 


McLean Engineering Laboratories 
The 
Magnetic Metals Co. 
Magnetic Shield Div., 
Magnetics Inc. 


Macallen Co., 
Perfection Mica Co. 


Mallory Controls Co., A Div. of P. R. 


Mallory & Co., Inc. 
Master Appliance Corp. 
Merkle-Korff Gear Co. 


Metals & Controls Inc., A pe Div. 
of Texas Instruments Incorporated 228, 


Metron Instrument Co. oat 
Micro Switch, a div. of Honeywell 
Midwest Molding and Manufacturing Co. 
Miller, Rolling Mill Div. 


Minneapolis-Honeywell, Heiland Div. 
161, 162, 163, 


Molecular Dielectrics, Inc. 
Molon Motor & Coil Corp. 
Mossman-Elliott Corp. 


Motorola Semiconductor Products, Inc. 


A Sub. of Motorola, Inc. 34, 


Mueller Brass Co. 140, 


National Acme Co., The 
National Cash Register Co., The 
Nice Ball Bearing Co. 
Norbatrol Electronics Corp. 
Northern Plastics Corp. 


Oak Manufacturing Co. 

Ohmite Manufacturing Co. 

Ozalid Div. of General Aniline & 
Film Corp. 
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56 


184 
251 
200 


979 


241 


50, 51 


198 
160 


164 
53 


250 


246 


35 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 


Potter & Brumfield Div. 
chine & Foundry Co. 


The 


of American Ma- 


Pyle-National Co., 


RBM Concrols Division 


Radio Corp. uf America, RCA Semicon- 
ductor & Materials Div. 186, 


Rayclad Tubes Inc., 
Raychem Corp. 


A sub. of 


Rea Magnet Wire Co., Inc., Div. of Alu- 
minum Co, of America 


Republic Steel 

Robbins & Myers, Inc. 
Rogan Brothers, Inc. 
Rome Cable Div. of Alcoa 


Royal Electric Corp., An Associate of 


SKF Industries, Inc. 

Sauereisen Cements Co. 

Servo-Tek Products Co 140 
Sola Div. of Basic Products Corp. 216, 217 
Spaulding Fibre Co., Inc. 199 
Sprague Electric Co. 60, 131, 224 
Square D Co. 54, 55 
Stackpole Carbon Co 230 
The 208 


Stearns Electric Corp. 192 


Star Porcelain Co., 


Struthers-Dunn, Inc. 196 


Sylvania Electric Produc‘s, Inc., Sub. of 
General Telephone & Electronics, 
Electronic Tubes Div. 225 


Synthane Corp. 237 


Taylor Fibre Co. 236 


Texas Instruments Incorporated, Transistor 
Products Div, 150 


Torq Engineered Products, Inc. 186 


Transitron Electronic Corp. 36 


U. S. Stoneware, Alite Div. 
United Transformer Corp. 


Varflex Sales Co., Inc. 


Walker Co., 
Ward Leonard Electric Co. 


George 


Westinghouse Electric 3 
32, 46, 47, 176, 


Semiconduc- 


Weaeagheane Electric Conn ; 


tor Dept 


Wisconsin Porcelain Co. 
Wrap-Ade Machine Co., Inc. 


Zenith Electric Co. 


Other CONOVER-MAST Publications 


Boating Industry 
Business/Commercial Aviation 
Construction Equipment 
International Science and Technology 
Mill & Factory 

Purchasing 

Space/Aeronautics 

Volume Feeding Management 
Conover-Mast Purchasing Directory 


Calibrate to 


+0.3C 


with L&N Precision 
Checking Equipment 


Growing emphasis on accuracy of ter=- 
perature measurements has probably 
focused your attention on the need for 
precision equipment for thermocouple 
calibration. 

Power plants, for instance, have 
found that they can_ substantially 
decrease fuel costs when turbine ther- 
mocouples are checked regularly for 
accuracy. In brazing processes for air- 
craft and missiles, where a 1.0 F varia- 
tion is critical, thermocouple calibra- 
tion is vital to the entire operation. 

In the installation shown above, 
individual thermocouple wires are 
being checked against a platinum 
reference standard. The equipment 
consists of a: 


9003 Checking Furnace 
CF-19S Alloy Equalizing Block. . 
7553 Type K-3 Potentiometer. . 
9834 D-C Null Detector 
7308 Standard Cell 36.00 
7597 Battery 23.00 


Prices subject to change without notice 


For more information about this 
equipment, contact your nearby 
LEN office, or write Leeds & North- 
rup Company, 4920 Stenton Avenue, 
Philadelphia 44, Pa. 

* At the fixed points. 


I! 
teeps | NorTHRUP 


Instruments NT Automatic Controls « Furnc.es 


“Pioneers in Precision” 


$750.00 
356.00 
730.00 
295.00 
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This printed circuit disc is the “face’’ 
of a clock that tells time in digital code 


... OF any code your computer, control system, or data proc- 


essing device needs to keep it properly in touch with the 
world of real time.—A. W. Haydon is a company of infinite 
variation when it comes to such analog-to-digital converters, 
or ‘binary encoders’. Time periods range from seconds to 
weeks. Sizes range from miniature to large. They come sealed, 
enclosed or open, with AC, DC, or pulse drive, and with an 
imposing variety of accessory equipment.—The model shown 
is for commerical use. It provides a discrete signal for each 
two-minute interval over a 28-day period. It is used, among 
other places, in an automatic parking lot ticket computing 
system.— This and several other time code generators are 
described in Technical Brochure SP9-2. It’s yours for the ask- 

ing. Similar solid-state devices can be 

supplied by our Culver City, Calif., facility. 


. 
r g # aius 
& 4 3 te © 
Ge GQestes F£EEG GS 


234 North Elm Street, Waterbury 20, Connecticut 
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Oye colo aor 
for convenience in checking 
your Inquiry Cards 


ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information 
regarding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and _ advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re 
quests will be forwarded promptly— 
within 48 hours of receipt of card 
To expedite, please print or type 
your name and address. 


shoe ee ES aC 


header 
Inquiry 


Service 


ae a at Sk ml 


e ADVERTISED PRODUCTS 
For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver- 
tisement. 


REPRINTS OF EDITORIAL 
FEATURES 

Article reprints available without 
charge are listed on page 144. 
For Science & Engineering re- 
prints, see Order Form on page 
148. 


NEW LITERATURE 
Latest catalog and bulletin offer- 
ings start on page 152. 


NEW COMPONENTS AND 
MATERIALS 

Reviews of new developments 
start on page 178. 


Cards will be processed by Pub- 
lisher if received by January 1, 1962 


Oye mT mela 
for convenience in checking 
your Inquiry Cards 
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READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electro-Technology 


205 East 42 Street 


NEW YORK 17, N. Y. 
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Electro-Technology 
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101 133 165 197 229 261 293 325 501 520 539 558 577 587 617 637 657 677 697 717 737) 756 775 794 813 833 853 
102 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739 | 758 777 796 815 835 
104 136 168 200 232 264 296 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 708 720 740 | 759 778 797 816 836 
105 137 169 201 233 265 297 362 395 428 461 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 
106 138 170 202 234 266 298 363 396 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 780 799 818 838 
107 138 171 203 235 267 299 364 397 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 781 800 819 839 
108 140 172 204 236 268 300 365 398 464 | 508 527 546 S65 584 604 624 644 664 684 704 724 744 782 801 820 840 
108 141 173 205 237 269 301 366 399 465 | 509 528 547 S66 585 605 625 645 665 685 705 725 745 783 821 841 
110 142 174 206 238 270 302 367 400 466 | 510 529 548 567 586 606 626 646 G66 686 706 726 746 | 765 784 803 822 842 862 
111 143 175 207 239 271 303 368 401 467 | 511 530 549 S68 587 607 627 647 667 687 707 727 747 | 766 785 804 823 843 863 
112 144 176 208 240 272 304 369 402 468 | 512 531 550 569 588 608 626 648 668 688 708 728 748 | 767 786 805 824 844 864 
113 145 177 208 241 273 305 370 403 469 | 513 532 551 570 589 609 629 649 669 689 709 729 749 806 825 845 865 
114 146 178 210 242 274 306 371 404 470 | 514 533 552 571 590 610 630 650 670 690 710 730 750 | 769 788 807 826 846 866 
115 147 179 211 243 275 307 372 405 471 | 515 534 553 572 591 611 631 651 G71 691 711 731 751 827 847 
116 148 180 212 244 276 308 373 406 472 632 652 771 790 809 828 848 868 
117 149 181 213 245 277 309 374 407 473 633 653 , 829 849 
118 150 182 214 246 278 310 634 654 792 830 850 











120 152 184 2'6 248 280 312 


122 154 186 218 250 282 314 


124 156 188 220 252 284 316 
125 157 189 221 253 285 317 






Individual 
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Title Dept. or Div. 
Company 

Street City Zone State 
Not good after January 1, 1962 c November @ 1961 
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847 
848 
849 
850 


636 
101 133 187 229 293 325 501 520 539 558 577 587 617 637 657 677 G97 717 737 756 775 794 813 833 
102 198 230.262 294 326 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739 | 758 777 796 815 835 

104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740) 759 778 816 
105 137 169 201 233 265 297 329 362 395 428 461 | 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 
106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 838 
107 139 171 203 235 267 299 331 364 397 430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 

108 140 172 204 236 268 300 332 365 398 431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 801 820 840 
108 141 173 205 237 269 301 333 366 399 432 465 | 509 528 547 S566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 841 
110 142 174 206 238 270 302 334 367 400 433 466 | 510 529 548 567 586 G06 626 646 666 686 706 726 746 784 803 822 842 
207 303 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 785 804 823 843 
112 144 176 208 240 272 304 336 369 512 531 550 569 588 608 628 648 668 688 708 728 748 805 844 
209 305 513 532 551 570 589 609 629 649 669 689 709 723 749 806 845 
306 630 650 846 

651 

652 

653 

654 

655 


REPRINTS 
901 903 905 
902 904 906 








Individual 











Title Dept. or Div. 
Company 
Street City Zone State 





Not good after January 1, 1962 D November @ 1961 
























ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 358 391 424 457 
102 134 166 198 230 262 294 326 359 392 425 458 
103 135 167 199 231 263 295 327 360 393 426 459 
104 136 168 200 232 264 296 328 361 394 427 460 
105 137 169 261 233 265 297 329 362 395 428 461 


NEW COMPONENTS 
501 520 539 558 577 597 617 637 657 677 697 717 737 
502 521 540 559 578 598 618 638 658 678 698 718 738 
503 522 541 560 579 599 619 639 659 679 699 719 739 
504 523 542 580 600 620 640 660 680 700 720 740 
505 524 543 562 581 601 621 641 661 681 701 721 741 


NEW LITERATURE 932 
756 775 794 813 833 853 
757 776 795 814 834 
758 777 796 815 835 
759 778 816 836 
760 779 817 837 



















































































































































































































































106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 622 642 662 682 702 722 742 | 761 780 818 

107 139 171 235 299 507 526 545 564 583 623 643 663 683 703 723 743 | 762 781 819 839 
108 140 172 204 236 300 508 527 546 565 584 624 644 664 684 704 724 744 | 763 782 820 840 
109 141 173 205 237 301 509 528 547 566 585 625 645 665 685 705 725 745 | 764 783 821 841 














110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 


142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 





174 
175 
176 
177 
178 
179 





206 
207 


238 302 
239 271 303 335 368 401 434 467 
240 304 
305 337 370 403 436 469 
306 
307 
308 
309 






765 784 822 
766 785 804 823 
726 


842 
843 
844 
845 
846 
847 
848 
849 
850 
851 




























511 530 549 568 587 627 647 667 687 707 727 747 
550 628 648 668 688 708 728 748 
































569 
570 
























602 
603 
604 
605 
510 529 548 567 586 606 626 646 666 686 706 726 746 
607 
608 
203 609 








768 825 
826 


827 



















788 


























592 61: 
517 536 555 574 593 613 
518 537 556 575 594 614 
519 538 557 576 595 615 635 


790 











673 693 713 733 753 
674 694 714 734 754 
675 695 715 735 755 















792 














































126 Individual 
Title Dept. or Div. 
Company 
Street City Zone State 
Not good after January 1, 1962 A November @ 1961 









ADVERTISED PRODUCTS 
101 133 165 197 229 
102 134 198 230 
103 135 199 231 
104 136 200 232 
105 137 201 233 
106 138 202 234 
107 203 235 
108 204 236 
109 205 237 
110 206 238 
111 207 239 
112 208 240 
113 209 241 
114 210 242 
115 211 243 
116 212 244 
117 213 245 
118 214 246 
215 247 
216 248 
217 249 
218 250 
219 251 
220 252 
221 253 
222 254 
223 255 
224 256 
225 257 
226 258 
227 259 
228 260 


OR SERVICES 
261 293 325 
262 294 326 
263 327 
264 328 
265 329 
266 330 
267 
268 


NEW COMPONENTS 
501 520 539 558 577 597 617 637 657 677 697 717 737 
502 521 540 559 578 598 618 638 658 678 698 718 738 
503 522 541 560 579 599 619 639 659 679 699 719 739 
504 523 542 561 580 600 620 640 660 680 700 720 740 
505 524 543 562 581 601 621 641 661 681 701 721 741 
506 525 544 563 582 602 622 642 662 682 702 722 742 
507 526 545 564 583 603 623 643 663 683 703 723 743 
508 527 546 584 
509 528 547 585 
529 548 586 
511 530 549 568 587 607 627 647 667 687 707 727 747 
512 531 550 569 588 608 628 648 668 688 708 728 748 
513 532 
514 533 552 571 590 610 630 650 670 690 710 730 750 
515 534 553 572 591 611 631 651 671 691 711 731 751 
516 535 554 573 592 612 632 652 672 692: 712 732 752 
517 536 555 574 593 613 633 653 673 693 713 733 753 
518 537 556 575 594 614 634 654 674 694 714 734 754 
538 


REPRINTS 
901 903 905 908 911 914 917 920 923 926 929 932 935 938 941 947 950 


902 904 906 


NEW LITERATURE 832 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 816 836 
760 779 817 837 857 
761 780 818 838 
762 781 819 839 
763 782 820 840 
764 783 821 841 861 
784 822 842 
823 843 
824 844 
825 845 
826 846 
827 847 
828 848 
829 849 
830 850 
























































































































































296 










































































298 
299 
300 
301 
302 












































































































































































304 708 







































788 








































790 






























792 
733 















































Individual 


ann 


Title Dept. or Div. 














ee 
Company 





LLL LLL LLL LLL, 
Street City Zone State 


secrecy I 


Not good after January 1, 1962 B Nevember @ 1961 














READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electro-Technology 


205 East 42 Street 


NEW YORK 17, N. Y. 


READER 
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BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electro-Technology 


205 East 42 Street 


NEW YORK 17, N. Y. 


FIRST CLASS 
PERMIT NO. 16734 
NEW YORK, N. Y. 


FIRST CLASS 
PERMIT NO. 16734 
NEW YORK, N. Y. 
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New MIL-T-22520—sta rdized tooling for time-saving, 4-indent installation of 


aT 


mp-type connector contacts 


Lightweight, easy-operating High-speed, bench-sized Bandomatic machine is engineered for the same 
M10S hand tool takes four- j solderless crimp-type contacts as the M10S, but for production volume. 
ae aean'e oe to oe Takes from 3,000 to 5,000 contacts on a flexible carrying strip...reels, 
L-T-22520 to install many ” dies easy to change. Three-way mounting: flat (easy for handling harnesses), 

makes, sizes of contacts. Oppos- : ; 
at 45°, or intermediate angles. Streamlined surface prevents snagging or 


ing indentors crimp contacts 
without bending, facilitating damage to harness or components. 


their installation in high-density ' 
connectors. Die sets can include Either tool installs miniature HYFEN® and many other contacts for multi- 


insulation grip closers. Long conductor connectors. Four-indent crimping disperses pressure over greater 
ee ere area, so that all contacts, can be installed with standard dies. Dispersed 
aatabatinn with consistent crimping pressure permits each barrel size to take a wider range of con- 
dependability. ductor sizes. Crimp conforms to MIL-T-22520. 


for further information contact OMATON DIVISION 


NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England in Europe: Malines, Belgium TORONTO, CANADA 


Circle 102 on Inquiry Card 





BRUSH INSTRUMENTS 


HA 


HT a 
eT 





a 


The totally new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in 
existence can match them. Note the line width. It never varies . . . regardless of writing velocity, regardless 
of chart speed. The writing mechanism is electrically signaled by the position-seeking “‘Metrisite”’ transducer 

. ho parts to wear, infinite resolution, verifiable dynamic '2% accuracy. Traces are permanent, high- 
contrast, reproducible . . . on low cost chart paper. The Mark 200 has but three standard controls. . . 
attenuator, pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct 


writing recorder. Write for details 
... they’ll speak for themselves. —_ brush INSTRUMENTS 
37TH AND PERKINS ——w == CLEVELAND 14, OHIO 


Circle 103 on Inquiry Card 








